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Abstract 

The Australian Wet Tropics bioregion is a hotspot for bryophyte diversity In 2004,397 moss taxa were known 
from the bioregion, since when extensive field work and taxonomic studies have added many taxa to the 
Wet Tropics bryophyte flora, while revisions and nomenclatural changes have reduced the number previously 
published. In this paper we summarise the additions to our knowledge of Wet Tropics bryophytes, and accept 
410 moss taxa from the bioregion, including 170 genera in 60 families. We add 55 taxa to the flora, and 24 are 
rejected on the basis of false records or misidentifications, or because the records were found to be outside the 
Wet Tropics bioregion. Records of 14 taxa from the bioregion are considered uncertain, and 6 taxa previously 
considered doubtful for the bioregion are confirmed. A number of records including Holomitrium cylindraceum 
and Taxithelium lindbergii are reported as new to Australia. 
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Introduction 

The Wet Tropics bioregion of Australia extends along the seaboard of north-eastern Queensland for about 500 
km, from just north of Townsville to just south of Cooktown. The bioregion adjoins to the Cape York Peninsula 
bioregion to the north, the Einasleigh Uplands bioregion to the west, and the Townsville Plains subregion of 
the Northern Brigalow Belt to the south (Goosem et al 1999). 

A list of the mosses known to occur in the Wet Tropics bioregion of north-east Queensland (abbreviated as 
the Wet Tropics), together with data on phytogeographical affinities and distribution, was published almost 
15 years ago (Ramsay and Cairns 2004). Ramsay and Cairns (2004) reported 408 taxa, although our review 
of that list shows the actual number to have been 397 taxa — about three-quarters of the taxa known from 
Queensland at that time. 

Extensive field work and taxonomic studies by Andi Cairns and David Meagher, together with the identification 
by Helen Ramsay and Alison Downing of some undetermined collections by Bernard van Zanten, Wilf 
Schofield, lima Stone, Heinar Streimann and others since 2004 have added new species and new distribution 
records for the bioregion. The most recent collections include some interesting discoveries: new records for 
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the bioregion, the state and the country; new collection of species not recorded since the late 19th century; 
and collections of the first fertile specimens or sporophytes for species such as Orthomnion elimbatum and 
Mesochaete taxiforme (Ramsay et al. 2018a). 

Since the publication of the Catalogue of Australian Mosses by Streimann and Klazenga (2002) and the list for 
the Wet Tropics bioregion (Ramsay and Cairns 2004), data from morphological and molecular analyses have 
led to some significant changes in the classification of mosses (Gofhnet et al. 2009, Gofhnet and Buck 2018). 
Taxonomic revisions for the Flora of Australia (Australian Mosses Online 2011-2016) have also resulted in 
name changes as the result of new synonymies, revised nomenclature, and the addition or deletion of some 
taxa from the Australian flora. These are detailed alphabetically by genus in the following sections: 1) Additions 
to the Wet Tropics Moss Flora since Ramsay and Cairns (2004); 2) Taxonomic and Nomenclatural Changes; 
3) Uncertain Records; 4) Excluded Taxa; and 5) Confirmed Taxa. A checklist in Table 1 provides a complete 

summary with species arranged in currently accepted families. The list includes for the first time data from 
the Melbourne University Herbarium (MELU), which contains a substantial collection of mosses from the 
Wet Tropics bioregion, all identified to species. However, in spite of the wide range of taxonomic studies for 
the Flora of Australia, many collections in Australian herbaria are still named only to family, e.g. Bryaceae, 
Hypnaceae, Pottiaceae, or to genus, e.g. Ectropothecium, Glossadelphus, Leucoloma, Philonotis. Further work 
on these collections might well generate additional new records for the Wet Tropics bioregion. The vegetation, 
physical geography and climate of the Wet Tropics, together with habitat descriptions and afhnities of mosses 
recorded from the bioregion are described in detail in the earlier checklist (Ramsay and Cairns 2004), which 
is available online as an open-access publication. 

The presence in North Queensland of an increasing number of new moss records for Australia adds to the 
growing list that includes taxa with relationships to or represent species in Southeast Asia, Malesia and New 
Caledonia as predicted by Ramsay and Cairns (2004). Many of the changes noted here have not yet been updated 
in Australian herbaria, while records in the Australian Moss Name Index (AusMoss), Australian Mosses Online 
(AMO), and the Australasian Virtual Herbarium (AVH) do not always include the most recent revisions. 

There are no checklists of bryophytes available for the adjacent bioregions, which include a diversity of 
habitats and a suite of different taxa. Accumulating information on these bioregions would be of value for our 
knowledge of the Wet Tropics bryoflora, as some of the species there may occur in similar habitats yet to be 
investigated in the Wet Tropics bioregion. 

Additions to the Wet Tropics moss flora since Ramsay and Cairns (2004) 

Family classifications (below) are according to Gofhnet and Buck (2018), with the exception of genus Papillaria 
(Klazenga 2011). Herbarium codes (e.g. BRJ, NSW) follow Thiers (2018). 

Barbula consanguinea (Thwaites & Mitt.) A.Jaeger (Pottiaceae) 

Barbula consanguinea was listed for Queensland by Streimann & Klazenga (2002) but Wet Tropics collections 
of the species were not identihed until after the publication of Ramsay and Cairns (2004). Consequently, this 
is a new record for the Wet Tropics {Stone 15814, MEL 2227866A; Streimann 31032, CANB 732122.1). 

Phylogenetic analyses by Kucera et al (2013) showed the genus Barbula to be polyphyletic and re-established 
the genus Hydrogonium, transferring Northern Hemisphere Barbula (including B. consanguinea) to this genus. 
They found genus Hydrogonium could be separated from genus Barbula by distinctive axillary gemmae - 
elongate, seriate, ellipsoid and variously coloured in Hydrogonium; spherical, non-seriate and brownish with 
protuberant cells in Barbula. However, we here retain the name B. consanguinea pending further investigations 
into Wet Tropics collections. 

Barbula indica (Hook.) Spreng. (Pottiaceae) 

Not identihed until 2011 and therefore new to the current list, Barbula indica is known from two collections in 
the Wet Tropics {Stone 25568, MEL 2310140A and Stone 25634, MEL 2331628A). B. indica is a cosmopolitan 
moss with a wide distribution across northern Australia. 

Bryobartramia novae-valesiae (Broth, ex G. Roth) I.G.Stone & G.A.M.Scott (Bryobartramiaceae) 

A tiny moss often partly covered by soil, Bryobartramia novae-valesiae is distributed widely in southern states 
but known only in Queensland from two sites in the Wet Tropics: from Kirrama State Eorest (now a section of 
Girringun National Park) collected in 1980 {Stone 16968, MEL 2241125A), and from the track to the base of 
Wallaman Falls in 1989 (Girringun National Park, near Ingham) {Stone 25561, MEL 2310243A). Collections 

were not identihed until 2017 and the species is therefore new to the Wet Tropics list. 
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Buxbaumia aphylla Hedw. (Buxbaumiaceae) 

Buxbaumia aphylla, widespread in New Zealand, was recorded for Australia from a single fertile collection 
(E.A. Brown 95/222, NSW 390481) in 1995 from a small boulder near Centre Peak on the Bellenden Ker 

Range. It was first identified by Allan Fife in 1999, and later recorded by Milne and Klazenga (2012a) but it was 
not listed in Ramsay and Cairns (2004). Buxbaumia aphylla may be separated from the two other Buxbaumia 
species in the Wet Tropics {B. colyerae Burges and B. thorsborneae LG. Stone) by its ciliate perichaetial leaf 
margins. All three species are known from Wooroonoran (Centre Peak) in the Bellenden Ker Range. 

Calyptothecium urvilleanum (Mull. Hal.) Broth. (Pterobryaceae) 

Ramsay and Cairns (2004) record five species of Calyptothecium. Recent studies by Yu and Jia (2015) recognised 
the close relationship between Calyptothecium recurvulum. (Broth.) Broth., C. subecostatum Dixon, and 
C. urvilleanum, based on their auriculate leaf bases and rugose or undulate leaves when dry. They synonymised 
C. subecostatum under C. recurvulum and identified several Australian specimens previously identified 
as C. recurvulum, as C. urvilleanum, thereby adding another species to the Australian flora and deleting C. 
subecostatum from the updated list. As indicated on their map (Yu and Jia 2015, Fig. 2) both C. recurvulum 
and C. urvilleanum occur in Australia while C. urvilleanum is also known from tropical Asia and Oceania 
and C. recurvulum from Papua New Guinea. Ning-Ning Yu {pers.comm. Jan. 2017) examined the type of C. 
acutum and found it to be similar to C. urvilleanum. Collections of C. acutum in the Swedish Museum of 
Natural History (S) sent by Flecker and Watts to Brotherus were examined by N.-N.Yu and also found to be C. 
urvilleanum. Further examination of unnamed specimens of Calyptothecium in Australian herbaria may reveal 
C. urvilleanum to be more widespread. 

Calyptrochaeta flexicollis (Mitt.) Vitt. (Daltoniaceae) 

Overlooked for the Ramsay and Cairns (2004) list, the first record of Calyptrochaeta flexicollis in the Wet 
Tropics was from Bellenden Ker in 1887 {Sayer s.n., MEL 1002041A). The species was later collected on 
Mt. Lewis in 1982 by LG. Stone and identified in 1998 by H. Streimann (Stone 19548, MEL 2245724A). Also 
known from two collections in Victoria, C. flexicollis is more common in New Zealand. 

Campylopus appressifolius Mitt, in Hook. (Leucobryaceae) 

Often confused with Campylopus clavatus (Klazenga 2012a), C. appressifolius is known from only two sites in 
the Wet Tropics, from Mt. Bartle Erere (van Zanten 681474E, BRIAQ0696153) and from Hinchinbrook Island 
(Stone 21427, MEL 2368025A). The collections were identified by J-P. Erahm in 1986 as C. australis, a synonym 
of C. appressifolius, but the taxon was not included in Ramsay and Cairns (2004). 

Campylopus excurrens Dixon (Leucobryaceae) 

Some collections of Campylopus laxitextus have been redetermined as C. excurrens (Klazenga 2012a), a new 
record for the Wet Tropics. Campylopus excurrens was previously in synonymy with various species including 
Campylopus sinensis (Miill. Hal.) J-P..Frahm (as recorded in Ramsay and Cairns 2004) but Niels Klazenga has 
re-interpreted C. excurrens as a distinct species (Weber B-32407, CANB 302238.1). 

Clastobryophilum balansaeanum (Besch.) Broth. (Sematophyllaceae) 

This species, collected from a tree overhanging Boulder Creek near Alligators Nest, Tully in 2014, was reported 
as a new genus and species record for Australia by Cairns and Meagher (2014). The species was previously 
thought to be endemic to New Caledonia (O’Shea 2000). 

Entodontopsispygmaea (Paris & Broth.) W.R.Buck & Ireland (Stereophyllaceae) 

This glossy epiphyte was found in the Wet Tropics at Lake Barrine on the Atherton Tablelands in 2014 (Meagher 
and Cairns 2014) but has since been found at two other well-separated sites in the Wet Tropics (Cairns and 
Meagher 2017). These records are also a significant range extension for the species, which is otherwise known 
from Vietnam, China, Thailand, India and Nepal. Ramsay and Cairns (2004) previously listed Stereophyllum 
radiculosum (Hook.) Mitt, as the only species of Stereophyllaceae known from the Wet Tropics bioregion. 

Entosthodon radians (Hedw.) Mull. Hal. (Funariaceae) 

Although not reported in Ramsay and Cairns (2004), this widespread Australasian species was first collected in 
the Wet Tropics by LG. Stone in 1982 at Little Millstream Falls near Ravenshoe (Stone 19813, MEL 2246059A), 
and in 1983 in ‘Garrawalt National Park’ (presumably Garrawalt Creek, Wallaman Falls Section of Girringun 
National Park) near Ingham (Stone 21235, MEL 2258550A). In 2013, a small population of fertile plants were 
found by D. Meagher growing in a soil niche in a rock crevice at Puzzle Creek, Tara Vale, west of Paluma, 
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near the border of the bioregion with Einasleigh Uplands {Meagher WT-320, BRIAQ1000886). This autoicous 
species may be under-collected in the Wet Tropics. 

Fabronia scottiae Mull. Hal. (Fabroniaceae) 

A specimen of Fabronia scottiae collected at Millstream Falls in 1992 {Coveny 16825, NSW 777572) was not 
identified until 2010. It has since been collected from several additional sites in the Wet Tropics {Meagher and 
Cairns WT-270, BRI AQ1000884; WT-364, BRI AQ1000880; WT-656, BRI AQ1000885). The nearest other 
locality is in southern Queensland. 

Fissidens beckettii Mitt. (Fissidentaceae) 

Known from a single collection from Paluma at the southern end of the Wet Tropics {Stone 55065, MEL 
2045617A), this species also occurs in central and south-east Queensland, NSW, ACT and Norfolk Island, 
and is also known from India, across to Southeast Asia, Indonesia, China, Japan and New Caledonia. Fissidens 
beckettii was not included in the Wet Tropics 2004 list, nor by Seppelt and Stone (2016). 

Fissidens biformis Mitt. (Fissidentaceae) 

Fissidens angustifoUus Sull. as listed in Seppelt and Stone (2016), is now included in F. biformis by Bruggemann- 
Nannenga (2016). Fissidens angustifoUus is known from a single collection from the northern Wet Tropics 
{Streimann 30911, CBG 8909945.1), and F. biformis is recorded in the Wet Tropics from Hinchinbrook Island 
{Stone 24917, MEL 2326439A). The species was reported from Queensland in Streimann and Klazenga (2002) 
but not listed in Ramsay and Cairns (2004). 

Fissidens bogoriensis M.Fleisch. (Fissidentaceae) 

According to Ramsay and Cairns (2004), E bogoriensis was considered by LG. Stone not to occur in Australia. 
Two records are listed in AVH - one in the Wet Tropics {Stone 18993, MEL 2265514A), and the other close to 
the northern Wet Tropics border with the Einasleigh Uplands {Stone 19240, MEL 225334B), both confirmed 
by Seppelt and Stone (2016). Fissidens bogoriensis is also known from Malesia, Japan, China, Taiwan and the 
Philippines. 

Fissidens crenulatus var. elmeri (Broth.) Z.Iwats. & Tad.Suzuki (Fissidentaceae) 

Fissidens crenulatus was listed for Queensland by Streimann and Klazenga (2002) and the Wet Tropics by 
Ramsay and Cairns (2004), but this variety was listed by Seppelt and Stone (2016) as a new record for Australia 
and the Wet Tropics. The basis for this was a specimen collected by LG. Stone at Dalrymple Gap near Cardwell 
{Stone 19147, MEL 224523A), which R. Seppelt {pers. comm. 3 January 2019) has confirmed is F crenulatus 
var. elmeri. 

Fissidens curvatus var. inclinabilis (Mull. Hal. ex Dixon) Beever (Fissidentaceae) 

The species was listed in Ramsay and Cairns (2004) but this variety is a new record, identified from several 
collections made by LG. Stone {24489, MEL 2322535A; 24836, MEL 2322647A) mostly from earth banks and 
rock crevices in shaded gullies in Wooroonooran National Park. 

Fissidens darwinianus Catches. & I.G.Stone (Fissidentaceae) 

Fissidens darwinianus, previously reported from the Northern Territory by Streimann and Klazenga (2002), 
is newly recorded from two well-separated sites in north-east Queensland: Kirrama near Cardwell in the Wet 
Tropics {Stone 15001, MEL 2341897A), and Helenvale, south of Cooktown in the Einasleigh Uplands, close to 
the Wet Tropics boundary {Stone 19232, MEL 2225505A). As the plant is minute on shaded soil, it has likely 
been overlooked by collectors. 

Fissidens elegans Brid. (Fissidentaceae) 

Uncommon in the Wet Tropics, this cosmopolitan species has been collected from rock and soil close to creeks 
and water falls {Stone 25933, MEL2341938B and Stone 25119, MEL 2326950A). It was not listed in Ramsay and 
Cairns (2004) and is a new record for Australia. 

Fissidens flaccidus Mitt. (Fissidentaceae) 

Pursell (1997) placed F. maceratus Mitt, into synonymy with F. flaccidus, but Stone and Catcheside (2012) 
retained them as separate species. Neither species were listed for the Wet Tropics in Ramsay and Cairns (2004). 
Seppelt and Stone (2016) now accept Pursells synonymy. Fissidens flaccidus has been collected from two sites 
in the Wet Tropics - from Davies Creek {Stone 15926, MEL 2227936A) and from Lake Eacham {Stone 25525, 
MEL 2310156A). 
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Fissidens intromarginatulus E.B.Bartram (Fissidentaceae) 

Iwatsuki and Mohamed (1987) treated Fissidens intromarginatulus as a synonym of E ceylonensis, the latter of 
which was listed in Ramsay and Cairns 2004). However, the two species differ in leaf shape, costa, and habitat 
preferences (Seppelt and Stone 2016). Both species occur in the Wet Tropics - F. intromarginatulus on volcanic 
soils on stream banks to 750 m elevation {Stone 25505, MEL 2329005A; Stone 18810, MEL 2245036A) and E 
ceylonensis on lateritic soils, at low elevations (Seppelt and Stone 2016). 

Fissidens linearis Brid. var. linearis (Fissidentaceae) 

Widespread in eastern Australia and also known from central Australia, Lord Howe Island and Norfolk Island, 
this species was not reported by Ramsay and Cairns (2004) for the Wet Tropics. It differs from Fissidens linearis 
var. obscurirete, which is listed in Ramsay and Cairns (2004), by its shorter costa, usually ending just below the 
leaf apex and often obscured by papillose laminal cells (Seppelt and Stone 2016). Represented in the Wet Tropics 
by a single record from near Ravenshoe, collected in 1913 {W.W.Watts Q474, NSW 976385) and identified by LG. 
Stone in 1990, E linearis var. linearis was recognised for the Wet Tropics by Seppelt and Stone (2016). 

Fissidens oblongifolius yar. palmerstonensis (I.G.Stone) Beever & I.G.Stone (Fissidentaceae) 

Beever and Stone (1998) noted the resemblance of Fissidens hyophilus var. palmerstonensis I.G.Stone to 
E oblongifolius var. hyophilus and made this new combination. It was listed for Queensland by Streimann and 
Klazenga (2002) but was overlooked by Ramsay and Cairns (2004). This variety is known only by the type 
collection from Wooroonooran National Park {Stone 24487, MEL 2341893A). 

Forsstroemia producta (Hornsch.) Paris (Leptodontaceae) 

Previously known from south-east Queensland, Forsstroemia producta was collected by Heinar Streimann from 
the Cardwell Range in 1984 and determined by Johannes Enroth in 1994 {Streimann 28564, CBG 8406571) 
(Enroth 2012). It was overlooked in later checklists (Streimann and Klazenga 2002, Ramsay and Cairns 2004). 

Garovaglia powellii Mitt. var. muelleri (Hampe) During (Ptychomniaceae) 

Only one species of Garovaglia - G. elegans subsp. dietrichiae - was listed for the Wet Tropics by Ramsay and 
Cairns (2004). However, they overlooked G. powellii var. muelleri, which is widespread in the Wet Tropics 
(During 1977) and listed for Queensland by Streimann & Klazenga (2002). 

Gemmabryum erythropilum (M. Fleisch.) J.R.Spence & H.RRamsay (Bryaceae) 

Until recently this taxon was considered a synonym of Bryum clavatum Schimp. which was listed as 
Gemmabryum clavatum (Schimp.) J.R.Spence & H.RRamsay by Ramsay and Cairns (2004). Gemmabryum 
clavatum, now interpreted as Imbribryum clavatum (M.Fleisch.) J.R.Spence & H.RRamsay, is a species 
recognised as distinct from G. erythropilum (Spence and Ramsay 2013). Gemmabryum erythropilum was 
collected in 1968 by B.O. van Zanten at Mossman Gorge (NSW 899199, NSW 899190, NSW 899582) and 
Babinda Boulders (NSW 899583), and in 1989 by PI. Forster at Mt Lewis (BRIAQ0522497). G. erythropilum 
has a palaeotropical distribution and is readily identified by plants with red tints, leaves with a long excurrent 
awn, red to orange pyriform or clavate rhizoidal gemmae, and short pyriform capsules. 

Gemmabryum inaequale (Taylor) J.R.Spence & H.RRamsay (Bryaceae) 

This species was first reported from north Queensland by Spence and Ramsay (2006) based on a 1984 collection 
from Mareeba (Einasleigh Uplands). It was later collected from the Blencoe Falls area of Girringun National 
Park in the Wet Tropics bioregion {Spence 5139, NSW 409485). Its distribution in Australia is very disjunct 
and it occupies a wide range of habitats, from very dry to very wet. More than one taxon might therefore 
be involved; Spence and Ramsay (2006) noted that Gemmabryum inaequale belongs to a complex of poorly 
defined species that needs worldwide revision. 

Gemmabryum tenuisetum (Limr.) J.R.Spence & H.RRamsay (Bryaceae) 

An uncommon species, known from Papua New Guinea, Victoria, the Central Queensland Coast bioregion, 
and from one 1988 collection from Broadwater Forest Park in the Wet Tropics {Stone 2483, MEL 2322643A), 

Gemmabryum tenuisetum was described by Spence and Ramsay (2005) based on Bryum tenuisetum. The 
species was not included by Ramsay and Cairns (2004) under the earlier name and is therefore a new record 
for the Wet Tropics. 
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Grimmia laevigata (Brid.) Brid. (Grimmiaceae) 

This cosmopolitan moss is known from Little Millstream Falls in the Wet Tropics, collected in 1982 by LG. Stone 
(Stone 19800, MEL 2246051A, BRIAQ0874604; Stone 19809, MEL 2246057) and identified in 1996 by H.C.Greven. 
Grimmia laevigata is a pioneer of granitic rock (Greven 2000) and is common across southern Australia. 

Gymnostomum calcareum Nees & Hornsch. (Pottiaceae) 

Collections of Gymnostomum calcareum by LG. Stone in 1979 from Millstream Falls, near Ravenshoe, (Stone 
15660, MEL 2315063B and Stone 15686, MEL 2310276A), the first records for the Wet Tropics, were identified by 
P. Sollman in 1997. The species was not listed in Ramsay and Cairns (2004) and is a new record for the bioregion. 

Hedwigidium integrifolium (P.Beauv.) Dixon (Hedwigiaceae) 

A cosmopolitan moss, more common in southern Australia (Gilmore 2012a), Hedwigidium integrifolium is 
known in the Wet Tropics from Mt. Bartle Frere, collected in 1974 by D. Norris (42893, BRI AQ0733938, conf. 
A. Franks 2018). The species was not listed in Ramsay and Cairns (2004) and the Wet Tropics record is not 
shown on the distribution map for the species (Gilmore 2012b). Hedwigidium integrifolium is a new record for 
the bioregion. 

Holomitrium cylindraceum (P.Beauv.) Wijk & Margad. (Dicranaceae) 

This species was identified recently from a collection made in 2017 on Mt Finnigan (Renner 8062a, BRI 
AQ1000877) and is reported here as new to Australia. It is a circumglobal species with a distribution from 
southern Africa to the eastern Pacific and is known from Papua New Guinea (AVH records) and New 
Caledonia (Thouvenot and Bardat 2010). 

Isopterygiopsis pulchella (Hedw.) Z.Iwats. (Plagiotheciaceae) 

Two collections of Isopterygiopsis pulchella have been reported from the Wet Tropics (Watts Q638, NSW 
245970, and Coveny 16772, NSW 775087). This cosmopolitan moss is more common in southern Australia 
(Iwatsuki and Ramsay 2009; Ramsay 2012e) and these are the first records for the Wet Tropics. 

Leucoloma circinatulum E.B.Bartram (Dicranaceae) 

Ramsay and Cairns (2004) noted that Leucoloma included Various undetermined species’ in the Wet 
Tropics. Klazenga (2012b) reported L. circinatulum from two records in Queensland - one from the Wet Tropics 
(Stone 8994, MEL 2182768A) and the other from Cape York Peninsula. It differs from the other Wet Tropics 
Leucoloma species - L. molle (Miill. Hal.) Mitt. - in the thickening of alar cell walls. Lateral and end walls of alar 
cells are equally thickened and leaf margins are entire in L. circinatulum, whereas in L. molle only lateral walls 
of alar cells are strongly thickened and leaf margins are serrulate in the upper 15-20%. 

Macromitrium brevicaule (Besch.) Broth. (Orthotrichaceae) 

Macromitrium brevicaule was collected by Klazenga at Jourama Falls at the southern end of the bioregion 
(Klazenga 6342, BRI AQ0744281). The species is more common in south-east Queensland, eastern New South 
Wales and eastern Victoria, and is a new record for the Wet Tropics. 

Macromitrium erythrocomum H.P.Ramsay, Cairns & Meagher (Orthotrichaceae) 

This new species of Macromitrium was recently described from the Bellenden Ker Range (Ramsay et a/. 2017). 
M. erythrocomum was also collected on Thornton Peak in 2017 (Renner 8372, NSW 1053512). 

Macromitrium ligulare Mitt. (Orthotrichaceae) 

Although in their treatment of Macromitrium ligulare, Vitt and Ramsay (2012a) did not specify north 
Queensland in its distribution, the online distribution map (Vitt and Ramsay 2012b) shows M. ligulare in the 
Wet Tropics. Its presence there is further supported by the many records identified by Dale Vitt as listed in 
AVH. Its absence in the 2004 list of Ramsay & Cairns is corrected here and Macromitrium ligulare is added to 
the present list. 

Meteoriopsis undulata Horik. & Nog. (Meteoriaceae) 

This species was reported as new to the Australian flora by Meagher and Cairns (2016), based on specimens 
on a rotting vine and on a tree trunk from two widely separated sites in the Wet Tropics, it is otherwise known 
from Japan, Taiwan and China. 
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Papillaria zeloflexicaulis Streimann (Meteoriaceae) 

Papillaria zeloflexicaulis is similar to and has been confused with P.flexicaulis (Wilson) A. Jaeger, but has smaller 
leaves and a thicker costa (Streimann 1991). It is known from Kirrama National Park {Stone 14815A, MEL 
2221166A) and from Millstream Falls {Coveny 16820, NSW 777180) in the Wet Tropics. It is more common in 
south-east Queensland and New South Wales. 

Philonotis slateri (Hampe) A.Jaeger (Bartramiaceae) 

Recorded from several sites in south-eastern Australia, the earliest collection of P slateri from the Wet Tropics 
in Australian herbaria is that of H. Flecker in 1937 from Campbells Creek, near Cairns (CANB 362179). This 
record was inadvertently not included in the Ramsay and Cairns (2004) list. The species was recently found 
in Tully Gorge National Park {Cairns WT-614A, BRI AQ858162) (Cairns and Meagher 2017). An additional 
specimen was identified in 2017 from a collection made in 1994 from very wet soil near a creek close to 

Mt Lewis {Coveny 17072, NSW 786425). 

Plagiobryoides cellularis (Hook.) J.R.Spence (Bryaceae) 

Plagiobryoides cellularis is known from only two collections in the Wet Tropics {C.Wild s.n., NSW 429924; 
Stone 23194, MEL 2329490A) and from scattered sites Australia-wide. This pantropical species was previously 
known as Bryum cellulare Hook. However, Spence & Ramsay (1996) initially recognised B. cellulare and its 
close allies as species of Plagiobryum, but the formal transfer was not made until after the publication of 
Ramsay Sc Cairns (2004). Spence and Ramsay (2006) subsequently transferred B. cellulare to Plagiobryum, but 
later, Spence (2009) identified differences from Plagiobryum and described a new genus, Plagiobryoides, which 
includes P cellularis. 

Pleuridium nervosum (Hook.) Mitt. (Ditrichaceae) 

This species is common in southern Australia (see Catcheside 1980 for illustrations) and was first recorded for 
the Wet Tropics by Cairns and Meagher (2017), growing on compacted soil on Mt Lewis Road, elevation 996 m 
{Meagher WT-077A, BRI AQ 858151). 

Pseudotaxiphyllum pohliaecarpum (Sull. & Lesq.) Z. Iwats. (Plagiotheciaceae) 

Pseudotaxiphyllum pohliaecarpum was first reported for Australia by Iwatsuki and Ramsay (2009) based on two 
collections from New South Wales, the earliest from the Blue Mountains in 1916 {Watts 10907, NSW 245625) 
and another more recently from New England National Park in 1991 (Streimann 47736, CBG 9107782). The 
first records for the Wet Tropics were collected by D. Meagher and A. Cairns from an earth bank at Lake 
Barrine on the Atherton Tableland {WT-378, BRI AQ858152), and by Meagher on rock on the western ridge of 

the Bellenden Ker Range in 2016 {WT-1173, BRI AQ858153) (Cairns and Meagher 2017). 

Rhynchostegium brevinerve Huttunen & Ignatov (Brachytheciaceae) 

Huttunen and Ignatov (2010) investigated the relationship between the terrestrial moss genus Rhynchostegium 
and the aquatic moss genus Platyhypnidium. Molecular studies showed that the plant originally identified 
as Platyhypnidium muelleri from Fishery Falls on the slopes of Bellenden Ker Range (duplicate: Cairns and 
Meagher B-324, BRI AQ0649282) is a new endemic Australian species, Rhynchostegium brevinerve Huttunen 
& Ignatov. (See also discussion of Torrentaria muelleri under Excluded Taxa.) 

Rosulabryum rubens (Hedwig) J.R.Spence (Bryaceae) 

This species, previously known as Gemmabryum rubens (Hedwig.) J.R.Spence & H.P.Ramsay, was transferred 
to Rosulabryum by Spence and Ramsay (2013). Its presence in the Wet Tropics is based on two collections 
from Mt Lewis in 1968 {Zanten 681136, NSW 909362 and Zanten 681191A, NSW 855039) recently identified 
by J.R. Spence. 

Solmsiella biseriata (Austin) Steere (Erpodiaceae) 

Pursell (2017) reviewed the largely southern hemisphere family Erpodiaceae based on morphological characteristics 
and reintroduced a restricted circumscription for the genus Erpodium, limiting it to two species that occur in the 
Americas and West Indies. Other species of Erpodium have been transferred to new genera (see Venturiella below). 
The genus Solmsiella includes Erpodiaceae with dimorphic leaves that resemble a leafy liverwort. 

Formerly known as Erpodium biseriatum (Austin) Austin, S. biseriata was first recorded for the Wet Tropics 
in 2001 (BRI AQ0834346; CANB 640652.1) but was not included in Ramsay and Cairns (2004). The species is 
also known from the Central Queensland Coast bioregion and from Arnhem Land, Northern Territory. 
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Symphysodontella splendens (Reinw. & Hornsch.) Touw & Magill (Pterobryaceae) 

A new record for Australia, this lithophytic species was identified recently from a few fronds collected by 
D. Meagher {1291, BRI AQ1000874) in 2000 from Wrights Creek, Crater Lakes National Park (Meagher & 
Cairns, Telopea, submitted). An attempt to collect more material was made in 2018 but the creek bed wherein 

the original collection was made had been severely scoured by flood waters and the species was not found. 

Syrrhopodon gardneri (Hook.) Schwagr. (Calymperaceae) 

Previously known only from Arnhem Land, NT, this specimen was collected by Bernard van Zanten {Zanten 
681001, NSW 896864) in 1968 from the bark of an isolated tree at Babinda Boulders, but the specimen was only 
recently identified. Unlike other Australian Syrrhopodon species, it may be distinguished by its abundant dark red 
rhizoids, serrate leaf shoulders, and the absence of elongate hyaline marginal cells (Reese and Stone 2012). 

Taxithelium lindbergii (A. Jaeger) Renauld & Cardot (Pylaisiadelphaceae) 

Previously known from Madagascar, east across to Southeast Asia, and the Pacific islands (Camara 2011a), 
this species was first identified in 2017 from collections from Mt Finnigan {Renner 8162, NSW 1053507 and 
Renner 8166, NSW 1053511) and is reported here as new to Australia. The species was also collected on 
Thornton Peak {Renner 8381, BRI AQ 1000887). 

Thamniopsis utacamundiana (Mont.) W.R.Buck (Pilotrichaceae) 

Buck (1987) recognised that Hookeriaceae s.l. is heterogeneous and transferred Old World species to 
Thamniopsis, including Hookeria utacamundiana (the basionym for Hookeriopsis utacamundiana). He 
distinguished between Thamniopsis, with a well-defined hyalodermis in the stem and basal laminal cells 
different from apical cells, and Hookeriopsis, in which the hyalodermis is absent or rare and the leaves have 
homogenous areolation. Streimann (2000) did not describe or illustrate stem anatomy of Australian H. 

utacamundiana, although he described and illustrated laminal cells as narrowly-rectangular...75-100 pm’, 
compared with ‘hexagonal to oval-hexagonal upper laminal cells, 24-30(-53) pm’. This would mean that 
Australian Hookeriopsis utacamundiana should be known as Thamniopsis utacamundiana. Collections from 
the Wet Tropics - from Mt Lewis and from Paluma in 2001 (S. Poes 01084/K-B, BRI AQ08759I5 and S. Poes 
1110/X, BRI AQ08345I8) were later identified as Thamniopsis by D. Meagher, and two other specimens from 
the Wet Tropics studied by A. Cairns have a distinct hyalodermis and are therefore referable to Thamniopsis. We 
accept the name Thamniopsis utacamundiana for the Wet Tropics, pending a review of herbarium specimens 
currently identified as H. utacamundiana. 

Toloxis intricata (Mitt.) L.Y.Pei, Y.Jia & Y.F.Wang (Meteoriaceae) 

Streimann (1991) reported Papillaria intricata (Mitt.) C. Muell. & Broth, based on two collections from the 
Central Queensland Coast bioregion (in H). The only record of the taxon from the Wet Tropics in Australian 
herbaria is from a single collection by LG. Stone from a felled tree on the Palmerston Highway, identified 
by N. Klazenga in 2001 {Stone 15233, MEL 2346842A). However, Ramsay and Cairns were not aware of this 
record when preparing the 2004 checklist. While revising the genus Meteorium, Pei et al. (2011) noted that 
Meteorium intricatum Mitt, (basionym to P. intricata) was morphologically different from other Papillaria 
species and showed characteristics of the genus Toloxis as outlined by Buck (1994). Pei et al. (2011) transferred 
M. intricatum to Toloxis intricata (Mitt.) L.Y.Pei, Y.Jia & Y.F.Wang. 

Trachyloma indicum var. novae-guineae (Mull. Hal.) N.GMill. & Manuel (Trachylomataceae) 

This new record is based on specimens collected from Wooroonooran National Parkin 1979 {Stone 15237, MEL 
2223463A), and from the upper slopes of North Peak, Bartle Frere in 1974 {Norris 42886, BRI AQ0733984), 

Mt Lewis and the Atherton Tablelands by A. Cairns and D. Meagher {WT-291, WT-293; WT-376 BRI) and 
Mt Finnigan by M. Renner {7991, NSW 1053503). All other collections of Trachyloma indicum from the Wet 
Tropics seen by D. Meagher belong to T. indicum var. indicum (D. Meagher, unpublished data). 

Vesicularia montagnei (Schimp.) Broth. (Hypnaceae) 

Vesicularia montagnei is known in the Wet Tropics from collections by LG. Stone from Conn Creek near 
Cardwell {Stone 16319, MEL 2331444A and Stone 16386, MEL 2331447A), and from Hinchinbrook Island 
{Stone 15004, MEL 2331429A), but these collections were identified in 2008 (by Z. Iwatsuki) and therefore not 
included in Ramsay and Cairns (2004). 
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Weissia edentula Mitt. (Pottiaceae) 

Collected in 1986 from a shaded boulder in Kirrama State Forest (now part of Girringun National Park) 
{Streimann 36942, CANB 734458.1), the specimen was not identified as Weissia edentula until 2008. It was 
also collected in 1998 from an exposed rock face on the Cardwell Range {Streimann 61835, CBG 911472.1, 
MEL 2338884A, BRIAQ0873035) but that record was not included in the earlier Wet Tropics list (Ramsay and 
Cairns 2004). Weissia edentula is known from Queensland, New South Wales, and South Australia, and from 
India and Sri Lanka, across Southeast Asia, China, Japan, Papua New Guinea and the Philippines (Norris and 
Koponen, 1989). 

Weissia perpusilla (Mull. Hal.) I.G.Stone (Pottiaceae) 

This species was collected by LG. Stone in 1982 at Little Millstream Falls near Ravenshoe {Stone 19807, MEL 
2314913A) and identified in 1999 by P. Sollman. Several other LG. Stone collections of W. perpusilla from the 
Wet Tropics are in MEL but the species was not included in the Ramsay & Cairns (2004) list. 

Taxonomic and nomenclatural changes 

Acroporium hyalinum (Reinw. ex Schwagr.) Mitt. var. hyalinum (Sematophyllaceae) 

Acroporium stramineum (Reinw. & Hornsch.) M.Fleisch. was synonymised under the older name Acroporium 
hyalinum by Chua et al (2018), based on morphological data. They accepted three varieties, of which only 

var. hyalinum occurs in Australia. Leaves of var. hyalinum are described as erecto-patent, although Chua et al. 
(2018) comment that leaves of this variety are occasionally imbricate as seen in var. turgidum, but this may 
be accounted for by habitat humidity. They suggest molecular studies would be useful to clarify relationships 
between varieties. 

Anomobryum auratum (Mitt.) A.Jaeger (Bryaceae) 

The genera Anomobryum and Bryum were synonymised by Spence and Ramsay (2002) based on their 
morphological similarity. However, molecular studies (Pedersen and Hedenas 2005, Pedersen et al. 
2007) showed them to be unrelated. Spence and Ramsay (2013) subsequently returned Bryum auratum to 
Anomobryum. Listed in Ramsay and Cairns (2004) as B. auratum, the species is the only one for Anomobryum 
in Australia. It is rare and has not yet been located with sporophytes. 

Campylopus introflexus (Hedw.) Brid. (Leucobryaceae) 

Campylopus flindersii Catcheside & J.-P.Erahm, recorded for the Wet Tropics by Ramsay and Cairns (2004), was 
placed in synonymy with C. introflexus by Klazenga (2012a), which is widespread and common throughout 
Australia. 

Campylopusperiauriculatus (Broth.) J.-P.Frahm. (Leucobryaceae) 

Campylopus robillardii Besch. var. periauriculatus (Broth.) J.-P.Frahm was listed in Ramsay and Cairns (2004), 
but the variety was treated by Klazenga (2012a) as a distinct species. We accept this view here. 

Campylopus torquatus Mitt. (Leucobryaceae) 

Campylopus pyriformis (Schultz) Brid., listed in Ramsay and Cairns (2004), has been placed into synonymy 
with Campylopus torquatus Mitt, by Stech and Wagner (2005). Klazenga (2012a) accepted this synonymy and 
we therefore follow it here. 

Circulifolium exiguum (Bosch & Sande Lac.) S.Olsson, Enroth & D.Quandt (Neckeraceae) 

Based on sequence data, Olssen et al. (2010) showed the genus Homaliodendron to be polyphyletic. 
Homaliodendron exiguum (Bosch & Sande Lac.) M.Eleisch. (included in the Ramsay and Cairns 2004 list) 
and H. microdendron (recorded for Southeast Asia) were found to be phylogenetically isolated from other 
Homaliodendron species and were placed in the new genus Circulifolium S.Olsson, Enroth & D.Quandt. to 
resolve the resultant polyphyly of Homaliodendron (Olsson et al. 2010). 

Clastobryum cuculligerum (Sande Lac) Tixier var. dimorphum (LG. Stone) B.C.Tan. T.J.Kop. & D.H.Norris 
(Pylaisiadelphaceae) 

Previously considered an Australian endemic, Clastobryum dimorphum (I.G.Stone) B.C.Tan, Z.Iwats. & 
D.H.Norris was reduced to a variety of Clastobryum cuculligerum by Tan et al. (2011). 
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Daltonia marginata Griff. (Daltoniaceae) 

Majestyk (2011) revised genus Daltonia for the Americas and synonymised Daltonia contorta Miill. Hal., listed 
in Ramsay and Cairns (2004), with D. marginata, and we agree with this view The type of D. marginata was 
collected in India (Griffith 1843). 

Dicranoloma austroscoparium (Mull.Hal. ex Broth.) Watts &Whitel. (Dicranaceae) 

Dicranoloma wattsii was reported for the Wet Tropics by Ramsay & Cairns (2004), but it had been synonymised 
under D. austroscoparium by Klazenga (2003) shortly before the 2004 list was published. 

Fissidens bryaides Hedw. (Fissidentaceae) 

Seppelt and Stone (2016) questioned whether F. bryoides van schmidtii (listed in Ramsay and Cairns 2004) 
occurs in Australia and included only F. bryoides (without specifying a variety) in their treatment of Fissidens 
for Australia. They noted that Beever and Stone (1999) and Pursell (2007) described the species as monoicous, 
whereas Li and Iwatsuki (2001) suggested the variety is dioicous. R. Seppelt (pers. comm. May 18, 2018) 
advised that F bryoides is a variable taxon with a plethora of varieties, requiring good and fruiting material to 
ascertain to a variety with any certainty. The two collections identified as van schmidtii by LG. Stone {Stone 
25483, MEL 2327122A; Stone 25529, MEL 2329039B) are both sterile and thus cannot be confirmed to variety 
without further investigation. AVH also records another collection of F. bryoides (no variety) from the Wet 

Tropics Cassowary Coast {Stone 18788, MEL 2243983A). 

Fissidens leptocladus Mull. Hal. ex Rodway (Fissidentaceae) 

Seppelt and Stone (2016) found Fissidens patulifolius Dixon to be indistinguishable from F leptocladus Miill. 
Hal. ex Rodway so synonymised F patulifolius under F leptocladus. Both species were listed in Ramsay and 
Cairns (2004). 

Fissidens pellucidus Hornsch. (Fissidentaceae) 

Ramsay and Cairns (2004) listed Fissidens crassinervis Sande Lac. and F. holstii Broth, for the Wet Tropics, but 
those species had been synonymised with F. pellucidus Hornsch. by Norris and Koponen (1987), which had 
also been reported from the Wet Tropics by Ramsay and Cairns (2004). 

Fissidens perpusillus Wilson ex Mitt. (Fissidentaceae) 

Seppelt and Stone (2016) synonymised Fissidens punctulatus Sande Lac., reported from the Wet Tropics by 
Ramsay and Cairns (2004), with F perpusillus, based on illustrations of F brevilingulatus Bartr. (Iwatsuki and 
Mohamed 1987), which is a synonym of F. punctulatus (Tan and Iwatsuki 1989). 

Fissidens submarginatus Bruch. (Fissidentaceae) 

Fissidens cambewarrae Dixon, previously reported from the Wet Tropics, was synonymised with F submarginatus 
by Seppelt and Stone (2016). Further collections of F. submarginatus from the Wet Tropics have been identified 
recently (MEL 2265515A-2265518A). 

Fissidens thorsbornei (I.G.Stone) Brugg.-Nann. (Fissidentaceae) 

This species was originally described as Nanobryum thorsbornei by Stone (1982) and listed under that name 
in Ramsay and Cairns (2004). The transfer of this species to Fissidens by Bruggeman-Nannenga (1988) is 
accepted here. 

Gemmabryum tuberosum (Mohamed & Damanhuri) J.R.Spence & H.RRamsay (Bryaceae) 

Spence and Ramsay (2013) made the new combination Gemmabryum tuberosum, which was listed in Ramsay 
and Cairns (2004) as Rosulabryum tuberosum. 

Imbribryum australe (Hampe) J.R.Spence & H.RRamsay (Bryaceae) 

This species was reported for the Wet Tropics by Ramsay and Cairns (2004) as Gemmabryum australe (Hampe) 
J.R.Spence & H.RRamsay. However, Spence and Ramsay (2013) transferred the relatively larger species of 
Gemmabryum with elongate, evenly foliate stems and strongly imbricate leaves to Imbribryum, retaining the 
name Gemmabryum for smaller species that produce rhizoidal tubers or leaf axil bulbils. 

Isopterygium albescens (Hook.) A. Jaeger (Hypnaceae) 

Iwatsuki and Ramsay (2009, 2012) revised Isopterygium in Australia, returning the genus to family 
Hypnaceae and recognising only one species. Isopterygium albescens (Hook.) A. Jaeger. The following 
species listed in Ramsay and Cairns (2004) have been placed in synonymy with I. albescens: Isopterygium 
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minutirameum (Miill. Hal.) A.Jaeger var. brevifolium (M.Fleisch.) E.B.Bartram, Isopterygium minutirameum 
(Mull.Hal.) A.Jaeger var. minutirameum, and Isopterygium novae-valesiae Broth., and have been deleted 
from the updated list. 

Leucobryum aduncum var. scalare (Mull. Hal. ex M. Fleisch.) A. Eddy (Leucobryaceae) 

Leucobryum ballinense Broth, and L. subchlorophyllosum Hampe, both previously reported from the Wet 
Tropics, were synonymised with L. aduncum var. scalare (Klazenga 2012d), which had also been reported 
from the Wet Tropics by Ramsay and Cairns (2004). 

Meiothecium intextum Mitt. (Sematophyllaceae) 

Meiothecium tenellum Broth. Sc Paris, reported from the Wet Tropics by Ramsay and Cairns (2004), is now in 
synonymy with M. intextum, together with M. brotheri Watts (O’Shea 2007). 

Mniodendron comatulum Geh. ex Broth. (Hypnodendraceae) 

Formerly known as Hypnodendron comatulum (Geh. ex Broth.) Touw, this taxon, which is endemic to North 
Queensland, was returned to its original genus Mniodendron by Bell et al. (2007). 

Neckeromnion lepineanum (Mont.) S.Olssen, Enroth, Huttunen & D.Quandt (Neckeraceae) 

Phylogenetic analyses by Olssen et al (2016) of the genera Neckeropsis and Himantocladium identified five well- 
supported monophyletic lineages, four of which they recognised as new genera. Of these, the Neckeromnion 
clade is represented in the Wet Tropics by Neckeromnion lepineanum, a new combination for Neckeropsis 
lepineana (Mont.) M.Eleisch. 

Neckeropsis cyclophylla (Mull. Hal.) S.Olssen, Enroth & D.Quandt (Neckeraceae) 

This species was known previously as Himantocladium cyclophyllum. Olssen et al (2010) showed it to be closer 
to Neckeropsis and transferred it to that genus. 

Oedicladium rufescens var. purpuratum (Mitt.) Klazenga (Myuriaceae) 

Klazenga (2012e) made a new combination by transferring Myurium rufescens subsp. purpuratum (Mitt.) 
Maschke to Oedicladium rufescens var. purpuratum. This genus is uncommon in the Wet Tropics although 
both Oedicladium rufescens (Reinw. & Hornsch.) Mitt. var. rufescens {Renner 8452, BRI, NSW) and O. rufescens 
var. purpuratum {Renner 8459 and Renner 8492, BRI, NSW) were among recent collections from Thornton 

Peak, north Queensland. This name change was anticipated in Ramsay and Cairns (2004) but no combination 
was available. The genus Myurium is deleted from the updated list. 

Pterobryopsis australina (Mitt.) N.-N.Yu & Y.Jia (Pterobryaceae) 

Yu and Jia (2012) transferred Calyptothecium australinum (Mitt.) Paris to Pterobryopsis australinum (Mitt.) 
N.-N.Yu & Y.Jia based on the absence of auriculate alar regions (present in Calyptothecium) and the morphology 
of basal leaf cells (rhomboidal with thin walls in Calyptothecium and subquadrate or transversely rectangular 
with thick walls in Pterobryopsis). The epithet australinum used by Yu and Jia (2012) in Pterobryopsis is an 
orthographic error and should be corrected to australina. 

Powelliopsis Integra (Dixon) Zanten (Racopilaceae) 

Powellia breviseta Mitt., listed in 2004, has been placed in synonymy with Powelliopsis integra (Dixon) Zanten 
(van Zanten 2008). It is known from the Australian Wet Tropics, Fiji, Papua New Guinea, the Philippines and 
Malaysia. The species is morphologically similar to Racopilum cuspidigerum, differing mainly in the laminal 
cells: bulging on both sides in P. integra, but smooth or with a central mammilla in R. cuspidigerum. Leaves 
of P. integra tend to be undulate, and the plants are more yellowish and more closely attached to the substrate 
compared with R. cuspidigerum. 

Radulina borbonica (Bd.) W.R.Buck (Sematophyllaceae) 

In a revision of the genus Radulina, R. hamata (Dozy & Molk.) W.R.Buck & B.C.Tan (previously reported from 
the Wet Tropics) was transferred to synonymy with R. borbonica by O’Shea (2006). 

Rhodobryum graeffeanum (Mull. Hal.) Paris (Bryaceae) 

Australian species of Rhodobryum have previously been considered to be R. aubertii (Schwagr.) Then, an 
otherwise South African species. However, Spence and Ramsay (2019, submitted) consider Australasian 
Rhodobryum to be the palaeotropical species Rhodobryum graeffeanum, which is the name accepted here. 
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Solmsiella solmsiellacea (Mull. Hal. & Broth.) Pursell (Erpodiaceae) 

Listed as Erpodium solmsiellaceum (Miill. Hal. & Broth.) LG.Stone in Ramsay and Cairns (2004), but since 
transferred to Solmsiella by Pursell (2017). 

Taxithelium leptosigmatum (Mull. Hal. ex Geh.) Paris (Pylaisiadelphaceae) 

Taxithelium merrillii Broth., listed by Ramsay and Cairns (2014) for the Wet Tropics, was synonymised with 
T. leptosigmatum ("Mull. Hal. ex Geh.) Paris by Camara (2011b). 

Touwia elliptica (Bosch & Sande Lac) S.Olsson, Enroth & D.Quandt (Neckeraceae) 

Molecular studies based on one specimen of Touwia laticostata from the Wet Tropics (Olssen et al 2010) 
showed Thamnobryum ellipticum (Bosch & Sande Lac.) W.Schultze-Motel to belong to the genus Touwia. 
Thamnobryum pandum and T pumilum, which also occur in the Wet Tropics, were not included in the Olssen 
et al. (2010) study and remain in our list. 

Trematodon baileyi Broth, and T. longescens Mull.Hal. (Bruchiaceae) 

These two former Australian endemics, recorded from the Wet Tropics by Ramsay and Cairns (2004), were 
reduced to synonymy with T. longicollis Michx. by Ramsay et al. (2018b). 

Trismegistia lancifolia (Harv.) Broth, var. australiana H. Akiy. (Pylaisiadelphaceae) 

This species was listed in Ramsay and Cairns (2004) as Trismegistia rigida but was reduced to a variety of 
T. lancifolia by Akiyama (2010) (see Ramsay 2012c, 2012d). 

Venturiella coronata subsp. australiensis (I.G.Stone) Pursell (Erpodiaceae) 

Genus Venturiella includes species formerly in Erpodium with smooth or infrequently unipapillose laminal 
cells (Pursell 2017). Venturiella coronata was previously known as Erpodium coronatum (Hook.£ & Wilson) 
Mitt. var. australiense (I.G.Stone) I.G.Stone. 

Venturiella hodgkinsoniae (Hampe & Mull. Hal.) Pursell (Erpodiaceae) 

Formerly known as Erpodium hodgkinsoniae Hampe & Miill. Hal., this species was transferred to Venturiella 
by Pursell (2017). 

Warburgiella cupressinoides Miill. Hal. ex Broth. (Sematophyllaceae) 

In their revision of Warburgiella for Australia, Ramsay et al. (2004) and Ramsay (2012a) commented that 
Warburgiella leptorhynchoides (Mitt.) M.Fleisch. was often confused with W. cupressinoides. They considered 
the report of W. cupressinoides by Bartram (1952) from Cape York Peninsula to be a misinterpretation of 
W. leptorhynchoides, and therefore excluded W. cupressinoides from the Australia flora. In more recent 
studies by Tan et al. (2017) for Papua New Guinea, W. leptorhynchoides and W. cupressinoides are regarded as 
conspecific, and W. leptorhynchoides is synonymised under W. cupressinoides. 

Warburgiella leucocytus (Mull. Hal.) B.C.Tan, W.B.Schofield & H.P.Ramsay (Sematophyllaceae) 

Warburgiella macrospora (Dixon & Sainsb.) B.C.Tan, W.B.Schofield Sc H.P.Ramsay was reported from the Wet 
Tropics by Ramsay et al. (2004: fig. 30-5) but was inadvertently omitted by Ramsay and Cairns (2004). Since 
then, Fife (2012) has synonymised W. macrospora with W. leucocytus, which had been listed by Ramsay and 
Cairns (2004). 

Weissia. balansae (Mull. Hal.) R.H. Zander (Pottiaceae) 

Weissiaplatystegia (Dixon) A.Eddy, listed in Ramsay and Cairns (2004), has been synonymised with W. balansae 
(Sollman 2004). 

Uncertain records 

Campylopus clemensiae E.B.Bartram (Leucobryaceae) 

Collected near Ravenshoe in 1913 by WW Watts (NSW 226242) and identified by J-P. Frahm (Frahm 1994, 
Frahm et al. 1985), this specimen was listed by Klazenga (2012a) as requiring confirmation. 



A revised checklist of the moss flora of the Australian Wet Tropics Telopea 22: 1-30, 2019 13 

Dawsonia superba Grev. var. pulchra Zanten (Polytrichaceae) 

Recorded from south-east Queensland, New South Wales, Victoria and Tasmania, and included in Ramsay 
and Cairns (2004) as occurring in subregions 4 (Atherton) and 9 (Daintree-Bloomfield), we could find no 
Australian herbarium records for this species in the Wet Tropics. Specimens collected by WB. Schofield 
from Tinaroo Dam Forest Drive {Schofield 8026, UBC B52633) and from The Crater National Park (now 
Mt Hypipamee NP) {Schofield 80274, UBC B52699) were examined by Olivia Lee at UBC and found to be 
D. polytrichoides. The whereabouts of the Daintree-Bloomfield specimen is unknown, but until it can be 
located the record must be considered doubtful. 

Ectropothecium species (Hypnaceae) 

Four species of Ectropothecium were listed in Ramsay and Cairns (2004): E. moritzii A. Jaeger, E. riparioides 
E. B.Bartram, E. umhilicatum (Miill. Hal.) Paris var. umhilicatum and E. zoUingeri (Miill. Hal.) A.Jaeger. Records 
of a number of other species of Ectropothecium from the Wet Tropics are shown in AVH. However, these 
records have not been formally published and the genus has not been treated for Australia or nearby regions. 
The following is a list of possible additional species in the Wet Tropics that need verification. 

Ectropothecium condensatum Broth. & Watts 

Ectropothecium cupressinatum Broth. 

Ectropothecium cyathothecium (Miill. Hal.) Broth. 

Ectropothecium eccremocladum (Besch.) Broth. 

Ectropothecium incuhans (Reinw. & Hornsch) A.Jaeger 

Ectropothecium leucochlorum (Hampe) Broth. 

Ectropothecium pacificum Mitt. 

Ectropothecium sodale (Sull.) Mitt. 

Ectropothecium umhilicatum Yeec. protractum (Miill. Hal.) Paris 

Glossadelphus hermaphroditus M.Fleisch. (Hypnaceae) 

Chaetomitrium entodontoides Broth. &: Watts (based on Watts Q352, NSW 298152) was excluded from 
Chaetomitrium by Streimann (1997), who considered it likely to be Glossadelphus hermaphroditus, a species 
known from Malesia. However, Streimann and Klazenga (2002) reported previous records of Glossadelphus in 
Australia as misidentifications. Many collections from the Wet Tropics are still identified as Glossadelphus sp. 
and need to be critically examined. 

Himantocladium plumula (Nees) M.Fleisch. (Neckeraceae) 

Himantocladium plumula is monoicous, so when it is fertile it is readily distinguished from the dioicous species 
H. cyclophyllum (now Neckeropsis cyclophylla). Milne and Klazenga (2012b) considered H. plumula to be a 
doubtful Australian species. It was reported from Australia by Bartram (1952) from a collection by L.J. Brass 
{Brass 19258, FH) from Iron Range in the Wet Tropics. A collection by Streimann in 1998 from Cow Bay, near 
Mossman (CBG 9911376.1) was found to be sterile and thus could not confidently be assigned to H. plumula 
(J. Milne pers. comm. 2017). Himantocladium plumula was not listed as a Wet Tropics species in Ramsay and 
Cairns (2004). 

Philonotispseudomollis (Mull. Hal.) A.Jaeger (Bartramiaceae) 

Dixon (1942) first suggested that R pseudomollis is doubtfully distinct from R tenuis, and Gilmore (2012c) 
echoed this view. There is nothing in the protologue (Muller 1872) that would separate R pseudomollis from 
R tenuis. Unfortunately, the type of R pseudomollis was probably destroyed in the bombing of Berlin during 
the Second World War (BGBM 2019). However, Meagher (in litt.) has reviewed plants from Lord Howe Island 
identified as that species by Brotherus, all collected by WW Watts in 1911, and all are entirely consistent 
with R tenuis s.s. Rhilonotis pseudomollis may well be a synonym of R tenuis and on that basis, we consider 
R pseudomollis to be an uncertain taxon, pending a detailed study. 

Pterobryon humile Mitt. 

See the discussion under Calyptothecium humile in Excluded Taxa. 
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Excluded taxa 

Austrohondaella limata (Hook. f. & Wilson) Z.Iwats., H.P.Ramsay & Fife (Hypnaceae) 

This species was reported from the Wet Tropics by Ramsay and Cairns (2004) as Isopterygium acuminatum 
(Hook.f. & Wilson) Broth. (Hypnaceae). Two specimens labelled L acuminatum from the Wet Tropics (MEL 
2031226 and MEL 2031231) were examined by D. Meagher and found to be Isopterygium albescens (Hook.) 
A.Jaeger, while another (MEL 2031228) was found to be a species of Rhynchostegium. The distribution of 
1. acuminatum is therefore restricted to southern temperate Australia and New Zealand. 

Bartramia mossmaniana Mull. Hal. (Bartramiaceae) 

The inclusion of the species in Ramsay and Cairns (2004) was based on a specimen from Bellenden Ker, 

identified by LG. Stone (as a synonym B. halleriana Hedw.) in her handwriting in the early drafts of the Wet 
Tropics studies (pers. comm. H.R Ramsay 2018). However, there are no Wet Tropics records of B. mossmaniana 
in Australian herbaria, and we think that the specimen was probably re-identified as another taxon. 

Brachythecium salebrosum (F.Weber & D.Mohr) Schimp (Brachytheciaceae) 

This cosmopolitan species, known from North America, Eurasia, New Zealand and Macquarie Island, has 
been recorded from New South Wales, ACT, Victoria, south-east Queensland and Tasmania. The only record 
from the Wet Tropics (NSW 1001423) has been re-examined and identified as Garovaglia elegans (Dozy & 
Molk.) Bosch & Sande Lac. subsp. dietrichiae (Miill. Hal.) During. Brachythecium salebrosum has been deleted 
from the current list. 

Calyptrochaeta rotundifolia Noguchi & Z.Iwats. (Daltoniaceae) 

This record was based on a single specimen from Bartle Frere (CBG 9706535). A later annotation on the 
specimen packet by B.C. Ho, August 2004, states: non Calyptrochaeta rotundifolia. This specimen does not 
belong to any of the Malesian species of Calyptrochaeta and may be an extreme form of Australasian species or 
a completely new species.’ No further details were provided. 

Calyptothecium humile (Mitt.) Broth. (Pterobryaceae) 

Streimann and Curnow (1989), and consequently Streimann and Klazenga (2002), treated Pterobryon humile 
Mitt, as a synonym of C. /inmf/c, which Mitten (1869) described from the South American Andes. Mitten (1883) 
treated Calyptothecium, Trachyloma and Braithwaitea as subgenera of Pterobryon, and in doing so named three 
new Australian species in subgenus Calyptothecium: P australinum (now Pterobryopsis australina), P acutum 
(C. acutum, now C. urvilleanum) and P humile. For each. Mitten gave a Latin diagnosis, indicating that he was 
treating the species as new. The South American Calyptothecium humile Mitt. (1869) is based on a different 
type and is not the same as the Australian Pterobryon humile Mitt. (1882). This would mean that C. humile 
Mitt. (1869) does not exist in Australia, and the 17 collections with this name in Australian need to be re¬ 
examined. It also means that the status of Pterobryon humile Mitt, is currently uncertain. 

Camptochaete deflexa (Wilson) A.Jaeger (Lembophyllaceae) 

The only records of this species from the Wet Tropics were based on collections by WW Watts from near 
Ravenshoe on the western edge of the Wet Tropics (NSW 496295, NSW 496307), which have been determined 
by N. Klazenga (pers. comm. 2012) as C. excavata (Taylor) A.Jaeger. The closest records of C. deflexa to the Wet 
Tropics are from Eungella, near Mackay, Central Queensland Coast, and Undarra in the Einasleigh Uplands 
bioregion. 

Campylopus ericoides (Griff.) A.Jaeger (Leucobryaceae) 

Campylopus ericoides was excluded from the Australia flora by Klazenga (2012a). There remain three records 
for the species in Australia on AVH - two in central Queensland and one in Victoria; however, none are listed 
for north Queensland. This name has been deleted from the new Wet Tropics list. 

Campylopus laxitextus Sande Lac. (Leucobryaceae) 

Most Australian records of C. laxitextus Sande Lac., including those from the Wet Tropics, have been re¬ 
identified as C. flexuosus (Hedw.) Brid. (Klazenga 2012a) (see also C. excurrens in text). Both species were 
listed by Ramsay and Cairns (2004). 

Dicranoloma robustum (Hook.f. & Wilson) Paris (Dicranaceae) 

There are no Wet Tropics specimens of this species in Australian herbaria, but an undated collection in the 
British Museum of Natural History (BM) from the Bellenden Ker Range, made by an unknown collector, is 
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labelled as this species. Niels Klazenga advised that D. robustum is a wholly cold temperate species, and that 
the collection has undoubtedly been misidentified (N. Klazenga, pers. comm. 2017). 

Eurhynchium speciosum (Brid.) Jur. (Brachytheciaceae) 

Eurhynchium speciosum was recorded from two sites in Australia - one from the Wet Tropics, collected in 1978 
{Stone 26155, MEL 2329320A), and the other from New South Wales. However, Hedenas (2002,2012) excluded 

the species from the Australian bryoflora. E. speciosum was not included in the Ramsay and Cairns (2004) list. 

Fallaciella gracilis (Hook. f. & Wilson) H.A.Crum (Lembophyllaceae) 

A duplicate of the only Wet Tropics record, from rainforest near Wallaman Falls {Poes 01108/D BRIAQ0834387) 
was examined by A. Cairns and D. Meagher and determined to be a mixture of Philonotis tenuis (Taylor) 
Reichardt and Anomobryum auratum (Mitt.) A.Jaeger. 

Fissidens altisetus Dixon (Fissidentaceae) 

Fissidens altisetus was considered a synonym of F. bogoriensis M.Fleisch. by Iwatsuki and Suzuki (1989) and 
listed as such by Streimann and Klazenga (2002). Ramsay and Cairns (2004) included the species because 
the former was not considered by LG. Stone to occur in Australia. Seppelt and Stone (2016) prefer to retain 
F. altisetus as a separate species. However, the two collections cited by Seppelt and Stone (2016) are from 
Helenvale, beyond the northern boundary of the Wet Tropics bioregion. 

Fissidens gymnocarpus I.G.Stone (Fissidentaceae) 

This species was mistakenly listed by Ramsay and Cairns (2004) for the Wet Tropics bioregion. The Australian 
records are from Cooktown, which is in the Cape York Peninsula bioregion {Stone 15808, BRI AQ0793940), 
and from Mt Garnet {Streimann 30228, CBG 8408583.1) and Hidden Valley, west of Paluma {Stone 25051, 
MEL 2034862A), both in the Einasleigh Uplands bioregions. 

Fissidens polypodioides Hedw. (Fissidentaceae) 

Although reported for the Wet Tropics by Ramsay and Cairns (2004), the basis for this report is unknown. 
The distribution is southern USA, the Caribbean, Central America, and one record from China; there are no 
collections known from Australia. It is extremely unlikely that this species is represented in the Australian flora 
(R. Seppelt, pm. comm. 2018). 

Grimmia pulvinatayar. africana (Hedw.) Hook.f. & Wilson (Grimmiaceae) 

We could find no Wet Tropics collections of this species in Australian herbaria; the nearest record is from 
south-east Queensland. 

Imbribryum clavatum (M. Fleisch.) J.R.Spence & H.P.Ramsay (Bryaceae) 

Bryum clavatum M. Fleischer, later Gemmabryum clavatum in the 2004 list, has been transferred more recently 
to Imbribryum clavatum (Spence and Ramsay 2013). This species, which occurs in temperate and cool climates, 
is no longer accepted for the Wet Tropics, as previous records have turned out to be errors for other species. 

Fembophyllum divulsum (Hook.f. & Wilson) Lindb. (Lembophyllaceae) 

We agree with Klazenga and Milne (2012b) that records of this species from northern Queensland are most 
likely referable to Camptochaete excavata (Taylor) A. Jaeger or Weymouthia cochlearifolia (Schwagr.) Dixon. (C. 
excavata is common in the Wet Tropics, but there are no known specimens of W. cochlearifolia from the region.) 

Notoligotrichum australe (Hook.f. & Wilson) G.L.Sm. (Polytrichaceae) 

The species is recorded from Queensland in Streimann and Klazenga (2002) but is most common in alpine 
and montane locations of southern Australia and New Zealand. As there are no records for the Wet Tropics or 
elsewhere in Queensland, its inclusion in Ramsay and Cairns (2004) was an error due to misinterpretation of 
Ramsay and Bergstrom (1995) about Macquarie Island mosses. 

Philonotis thwaitesii Mitt. (Bartramiaceae) 

This otherwise Malaysian species, listed for the Wet Tropics by Ramsay and Cairns (2004), was not included 
in the Flora of Australia treatment (Gilmore 2012c). A single specimen collected in north Queensland by 
H. Streimann in 1984 (CBG 9000166.1) and identified by H. Ochi as 'Philonotis cf thwaitesii was found to be 
P tenuis (Taylor) Reichardt by Judith Curnow (CANB). 
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Platyhypnidium austrinum (Hook.f.& Wilson) M.Fleisch. (Brachytheciaceae) 

There are numerous collections of this taxon from south-eastern Australia, but the only record of P. austrinum 
in the Wet Tropics, from Downey Creek, near Innisfail was based on a segregate of Stone 25090 {Stone 
25090B, MEL 2326976A). The other segregate {Stone 25090A, MEL 2326975A) was examined by Ochyra and 

Bednarek-Ochyra (2014) and identified as Platyhypnidium muelleri (duplicate specimen KRAM B-86172). 
However, Ochyra {pers. comm, to A. Cairns) reconsidered the identity of the KRAM collection {Stone 25090A, 
KRAM B-86172) and now believes it is identical to Rhynchostegium brevinerve. Comparison of the two MEL 
specimens {Stone 25090A and B) showed them both to be R. brevinerve. 

Pterobryella breviacuminata Besch. (Pterobryellaceae) 

The record of P. breviacuminata in Ramsay and Cairns (2004) was based on a collection from the western 
slope of Mt Bartle Frere {Norris 42774, BRI AQ0761026). A duplicate of that specimen (CBG 9509234.1) 
was examined by Angela Newton in 2004 and identified as Hypnodendron comatulum (now Mniodendron 
comatulum). Both specimens have now been checked and their identity as M. comatulum is confirmed. 

Taxithelium planum (Brid.) Mitt. (Pylaisiadelphaceae) 

Camara (2011b) considered T. planum to be a Northern Hemisphere species. Ramsay (2012b) subsequently 
re-examined the two Wet Tropics collections of T. planum and determined both to be T. nepalense. Although 
there are other specimens identified as T. planum in Australian herbaria that need critical re-evaluation, we 
consider that these are all likely to be T. nepalense. 

Torrentaria muelleri (A.Jaeger) Ochyra & Bednarek-Ochyra (Brachytheciaceae) 

Torrentaria muelleri (as Platyhypnidium muelleri (A.Jaeger) M.Fleisch.) was reported for the Wet Tropics 
by Ramsay and Cairns (2004). However, specimens from Australia {Scott 7409, KRAM B-87048; Stone 
25090, KRAM B-86172) previously attributed to T. muelleri by Ochyra and Bednarek-Ochyra (2014) are 
Rhynchostegium brevinerve (Ochyra pm. comm. 2017). 

Confirmed taxa 

Breutelia affinis (Hook.) Mitt. (Bartramiaceae) 

A single record for the Wet Tropics {Streimann 37795, CBG 9004110) was listed by Gilmore (2012b). This 
specimen was collected from a tree trunk, an otherwise unreported habitat for the species, which is typically 
lithophytic or terrestrial (Virtanen 1997; Gilmore 2012b). However, the identity of this collection was confirmed 
by Judith Curnow {pers. comm. 21 June 2018). 

Dicnemon calycinum (Hook.) Schwagr. (Dicranaceae) 

In his revision of the family Dicnemonaceae, Allen (1987) recorded D. calycinum for Queensland based on a 
single collection (in MO) from Kuranda: ‘Paradise Jungle, near Cairns (home of A. A. Duggan) on bark. Eula 
Whitehouse 28934 12 November 1954’. Allen remarked {pers. comm. 2018) that Dixon (1923) and Scott and 
Stone (1976) were doubtful about the taxon being in Australia: “The Dixon (1923) reference is based on a 
scrap’ at Kew that apparently has a label with no collector and only ‘Nov. Holl.’ given as locality. The Scott and 
Stone (1976) reference is to the Watts and Whitelegge Census which gives the collection as ‘Australia: herb. 
Dickson (Mitt. Cat.).” 

Previous specimens with this name from Australian herbaria have been checked and re-identified; however, 
the identity of the MO collection is confirmed (B. Allen, pm. comm., June 2018). The Duggan home was 
probably destroyed in the 1950s to accommodate modifications to the Cairns-Kuranda road (W. Clinton, pers. 
comm. June 2018). There are no other records of this species in Australian herbaria. 

Fissidens autoicous Ther. & Dixon (Fissidentaceae) 

Fissidens autoicous was listed by Ramsay and Cairns (2004) on account of a single record from Babinda in 
1913 {Watts Q 332a, NSW 360700 as F. cairnensis Broth. & Watts). Recent collections from Russell River 
Road {Meagher & Cairns WT-094, BRI AQ1000878) and from near Tully {Meagher & Cairns WT-355A, BRI 

AQ1000876) identified by R. Seppelt, confirm its presence in the Wet Tropics. The species is also recorded 
from Borneo and Papua New Guinea. 

Leucobryum chlorophyllosum Mull.Hal. (Leucobryaceae) 

A recent collection from Thornton Peak {Renner 8486, NSW 1033515) was confirmed as L. chlorophyllosum 

by Klazenga {pers. comm. 2018) and is the first report for the Wet Tropics. All earlier Australian herbarium 
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specimens of L. chlorophyllosum proved to be narrow-leaved forms of L. sanctum (Klazenga 2012c), a species 
already known from the Wet Tropics. 

Leucophanes angustifolium Renauld & Cardot (Calymperaceae) 

This species is widely distributed in the central to southern Wet Tropics. It was included in Ramsay and Cairns 
(2004) but overlooked by Catcheside (2012) in his treatment of the genus for the Flora of Australia. 

Rhynchostegium nanopennatum (Broth.) Kindb. (Brachytheciaceae) 

This species, reported from Abergowrie State Forest, west of Ingham (BRI AQ858154, Cairns and Meagher 
2017),was previously known only from collections by EM. Bailey in 1889 (BRI AQ0721982) andW.W.Watts in 

1913 (NSW752135; NSW752137; NSW752138), all from low elevations on the eastern flank of the Bellenden 
Ker Range. Recent examination of a mixed collection collected in 2015 from a tree branch in the Palmerston 
section of Wooroonooran National Park {Meagher WT-OllB, BRI AQ1000875) revealed an additional 

specimen of R. nanopennatum, which extends the known range of this rare species. 

Checklist of mosses of the Wet Tropics bioregion 

= new to the Wet Tropics list since 2004 
# = taxonomic adjustment since 2004 

Amblystegiaceae 

Leptodictyum riparium (Hedw.) Warnst. 

Anomodontaceae 
Herpetineuron toccoae (Sull. Sc Lesq.) Cardot 

Archidiaceae 
Archidium hrevinerve P.de la Verde 
Archidium capense Hornsch. 
Archidium clarksionianum I.G.Stone 
Archidium datum Dixon & Sainsbury 
Archidium microthecium Dixon & P.de la Varde 
Archidium minutissum I.G.Stone 
Archidium ohioense Schimp. ex Mull. Hal. 
Archidium rothii Watts ex G. Roth. 
Archidium sp. A {Stone 21398, MEL 2260329A) 
Archidium sp. B {Stone 24571, MEL 2326316A) 

Archidium sp. C {Stone 22120, MEL 2262729A) 

Aulacomniaceae 
Mesochaete taxiforme (Hampe) Watts & Whitel. 
Mesochaete undulata Lindb. 

Bartramiaceae 
Breutelia affinis (Hook.) Mitt. 
Philonotis hastata (Duby) Wijk & Margad. 
Philonotis slateri (Hampe) Jaeger ^ 
Philonotis tenuis (Taylor) Reichardt 

Brachytheciaceae 
Eurhynchium laevisetum Geh. 
Rhynchostegium hrevinerve Huttunen & Ignatov 
Rhynchostegium distratum (Hampe) A.Jaeger 
Rhynchostegium nanopennatum (Broth.) Kindb. 
Rhynchostegium tenuifolium (Hedw.) Reichardt var. tenuifolium 

Braithwaiteaceae 
Braithwaitea sulcata (Hook.) A.Jaeger 

Bruchiaceae 
Trematodon longicollis Michaux # 
Trematodon suberectus Mitt. 
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Bryaceae 
Anomobryum auratum (Mitt.) A.Jaeger # 
Brachymenium nepalense Hook. 
Bryum argenteum Hedw. 
Bryum lanatum (P.Beauv) Brid. 
Gemmabryum acuminatum (Harv. ex Hook.) J.R.Spence & H.P.Ramsay 
Gemmabryum apiculatum (Schwagr.) J.R.Spence & H.P.Ramsay 
Gemmabryum chrysoneuron (Mull. Hal.) J.R.Spence & H.P.Ramsay 
Gemmabryum coronatum (Schwagr.) J.R.Spence & H.P.Ramsay 
Gemmabryum dichotomum (Hedw.) J.R.Spence & H.P.Ramsay 
Gemmabryum erythropilum J.R.Spence & H.P.Ramsay 
Gemmabryum exile (Dozy & Molk.) J.R.Spence & H.P.Ramsay 
Gemmabryum inaequale (Taylor) J.R.Spence & HP Ramsay 
Gemmabryum indicum (Dozy & Molk.) J.R.Spence & H.P.Ramsay 
Gemmabryum pachythecum (Miill. Hal.) J.R.Spence & H.P.Ramsay 
Gemmabryum preissianum (Hampe) J.R.Spence & H.P.Ramsay 
Gemmabryum tenuisetum (Limr.) J.R.Spence & H.P.Ramsay 
Gemmabryum tuberosum (Hampe) J.R.Spence & H.P.Ramsay # 
Imbribryum australe (Hampe) J.R.Spence Sr H.P.Ramsay # 
Plagiobryoides cellularis (Hook.) J.R.Spence 
Rhodobryum graejfeanum (Mull. Hal.) Paris # 
Rosulabryum albolimbatum (Hampe) J.R.Spence 
Rosulabryum billarderii (Schwagr.) J.R.Spence 

Rosulabryum capillare (Hedw.) J.R.Spence 
Rosulabryum epiphyticum J.R.Spence & H.P.Ramsay 
Rosulabryum lamingtonicum J.R.Spence & H.P.Ramsay 
Rosulabryum leptothrix (Miill. Hal.) J.R.Spence 
Rosulabryum rubens (Hedw.) J.R.Spence 
Rosulabryum subfasciculatum (Hampe) J.R.Spence 
Rosulabryum subtomentosum (Hampe) J.R.Spence 
Rosulabryum torquescens (Bruch, ex De Not.) J.R.Spence 
Rosulabryum wightii (Mitt.) J.R.Spence 
Bryobartramia novae-valesiae (Broth, ex G.Roth) I.G.Stone & G.A.M.Scott 

Buxbaumiaceae 
Buxbaumia aphylla Hedw.’*' 
Buxbaumia colyerae Burges 
Buxbaumia thorsborneae I.G.Stone 

Calymperaceae 
Arthrocormus schimperi (Dozy & Molk.) Dozy & Molk. 

Calymperes afzelii Sw. 
Calymperes boulayi Besch. 
Calymperes cougouiense Besch. 
Calymperes crassinerve (Mitt.) A.Jaeger 
Calymperes erosum Miill. Hal. 
Calymperes graejfeanum Miill. Hal. 
Calymperes lonchophyllum Schwagr. 
Calymperes moluccense Schwagr. 
Calymperes motleyi Mitt. 
Calymperes porrectum Mitt. 
Calymperes serratum A.Braun ex Miill. Hal. 
Calymperes strictifolium (Mitt.) G.Roth. 
Calymperes subintegrum Broth. 
Calymperes taitense (Sull.) Mitt. 
Calymperes tenerum Miill. Hal. 
Exostratum blumei (Nees ex Hampe) L.T.Ellis 
Leucophanes angustifolium Renauld & Cardot 
Leucophanes candidum (Schwagr.) Lindb. 
Leucophanes glaucum (Schwagr.) Mitt. 
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Leucophanes octoblepharoides Brid. 
Mitthyridium constrictum (Sull.) H.Rob. 
Mitthyridium crassum (Broth.) H.Rob. 
Mitthyridium fasciculatum (Hook. & Grev.) H.Rob. 
Mitthyridium flavum (Miill. Hal.) H.Rob. 
Mitthyridium leucoloma (Miill. Hal.) H.Rob. 
Mitthyridium papuanum (Broth.) H.Rob. 
Mitthyridium perundulatum (Broth.) H.Rob. 
Mitthyridium repens (Harv.) H.Rob. 
Mitthyridium subluteum (Miill. Hal.) H.K.Novak 
Octoblepharum albidum Hedw. 
Syrrhopodon albovaginatus Schwagr. 
Syrrhopodon aristifolius Mitt. 
Syrrhopodon armatus Mitt. 
Syrrhopodon ciliatus (Hook.) Schwagr. 
Syrrhopodon confertus Sande Lac. 
Syrrhopodon croceus Mitt. 
Syrrhopodon cyrtacanthus Reese 
Syrrhopodon gardneri (Hook. & Grev.) Schwagr. 

Syrrhopodon involutus Schwagr. 
Syrrhopodon muelleri (Dozy & Molk.) Sande Lac. 

Syrrhopodon parasiticus (Brid.) Besch. 
Syrrhopodon platycerii Mitt. 
Syrrhopodon prolifer Schwagr. van mossmanensis Reese 
Syrrhopodon prolifer Schwagr. van prolifer 

Syrrhopodon stoneae Reese 
Syrrhopodon trachyphyllus Mont. 
Syrrhopodon tristichus Nees ex Schwagr. 

Cryphaeaceae 
Cryphaea tenella (Schwaegr.) Hornsch. ex Miill. Hal. 
Cyptodon muelleri (Hampe) M.Fleisch 

Schoenobryum concavifolium (Griff.) Gangulee 

Daltoniaceae 
Achrophyllum dentatum (Hook.f. & Wilson) Vitt & Crosby 
Calyptrochaeta apiculata (Hook.f. & Wilson) Vitt 
Calyptrochaeta brassii (E.B.Bartram) Streimann 
Calyptrochaeta flexicollis (Mitt.) Vitt.’^ 
Daltonia marginata Griff. # 
Daltonia splachnoides (Sm.) Hook. & Taylor 
Distichophyllum crispulum (Hook.f. &: Wilson) Mitt. 
Distichophyllum cuspidatum (Dozy Sc Molk.) Dozy & Molk. 
Distichophyllum mittenii Bosch. & Sande Lac 
Ephemeropsis tjibodensis K.J.Goebel 
Bryobrothera crenulata (Broth. & Paris) Then 

Dicranaceae 
Dicnemon calycinum (Hook.) Schwagr. 
Dicranella dietrichiae (Miill.Hal.) A.Jaeger 
Dicranella euryphylla Dixon 
Dicranella pycnoglossa (Broth.) Kindb. Yzx.pycnoglossa 
Dicranoloma austroscoparium (Miill. Hal. ex Broth.) Watts &Whitel. # 
Dicranoloma braunii (Miill. Hal. ex Bosch. & Sande Lac.) Paris 
Dicranoloma daymannianum E.B.Bartram 
Dicranoloma dicarpum (Nees) Paris 
Dicranoloma leichhardtii (Hampe) Watts & Whitel. 
Dicranoloma menziesii (Taylor) Renauld 
Eucamptodon muelleri Hampe Sc Miill.Hal. van muelleri 
Eucamptodon scalarirete (Dixon) B.C.Tan, H.P.Ramsay & W.B.Schofield 
Holomitrium cylindraceum (P.Beauv.) Wijk Sc Margad."*^ 
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Holomitrium perichaetiale (Hook.) Brid. 
Leptotrichella tenax (Mull. Hal.) Ochyra var. longipes (Miill. Hal.) Ochyra 
Leucoloma circinatulum E.B.Bartram 
Leucoloma molle (Miill. Hal.) Mitt. 
Sclerodontium clavinerve (Miill. Hal.) H.A.Crum 
Sclerodontium pallidum (Hook.) Schwagr. var. pa//idwm 

Diphysciaceae 
Diphyscium mucronifolium Mitt. 

Ditrichaceae 
Ditrichum dijficile (Duby) M.Fleisch. 
Eccremidium brisbanicum (Broth.) I.G.Stone & G.A.M.Scott 
Eccremidium minutum (Mitt.) I.G.Stone & G.A.M.Scott 
Eccremidium pulchellum (Hook.f. & Wilson) Miill. Hal. 
Garckea flexuosa (Griff.) Margad. & Nork. 
Pleuridium nervosum (Hook.) Mitt. 
Wilsoniella karsteniana Miill. Hal. 

Entodontaceae 
Entodon mackaviensis Miill. Hal. 
Entodon plicatus Miill. Hal. 
Mesonodon flavescens (Hook.) W.R.Buck 

Erpodiaceae 
Solmsiella biseriata (Austin) Steere 
Solmsiella solmsiellacea (Miill. Hal. &: Broth.) Pursell # 
Venturiella coronata subsp. australiensis (I.G.Stone) Pursell # 
Venturiella hodgkinsoniae (Hampe & Miill. Hal.) Pursell # 

Fabroniaceae 
Eabronia australis Hook. 
Eabronia scottiae Miill. Hal.’*^ 

Fissidentaceae 
Eissidens asplenioides Hedw. 
Eissidens autoicous Then Sr Dixon 
Eissidens badyinbarus I.G.Stone & Catches. 
Eissidens beckettii Mitt. 
Eissidens biformis Mitt. 
Eissidens bogoriensis M.Fleisch. * 
Eissidens bryoides Hedw. # 
Eissidens ceylonensis Dozy Sr Molk. 
Eissidens crenulatus Mitt. var. crenulatus 
Eissidens crenulatus Mitt. var. elmeri (Broth.) Z.Iwatsuki Sr Tad.Suzuki ^ 

Eissidens crispulus Brid. 
Eissidens curvatus Hornsch. var. curvatus 
Eissidens curvatus var. inclinabilis (Miill. Hal. ex Dixon) Beever ^ 
Eissidens darwinianus Catches. Sr I.G.Stone 
Eissidens dietrichiae Miill. Hal. 
Eissidens elegans Brid. 
Eissidens flabellulus Thwaites Sr Mitt. var. eachamensis I.G.Stone 
Eissidens flabellulus Thwaites Sr Mitt. var. flabellulus 
Eissidens flaccidus Mitt. 
Eissidens gardneri Mitt. 
Eissidens henryae I.G.Stone 
Eissidens hollianus Dozy Sr Molk. 
Eissidens hyalinus Hook. Sr Wilson 
Eissidens intromarginatulus E.B.Bartram 
Eissidens leptocladus Miill. Hall ex Rodway # 
Eissidens linearis Brid. var. linearis 
Eissidens linearis Brid. var. obscurirete (Broth.) I.G.Stone 
Eissidens oblatus I.G.Stone Sr Catches. 
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Fissidens oblongifolius Hook.f. & Wilson van hyophilus (Mitt.) Beever & LG.Stone 
Fissidens oblongifolius Hook.f. Sc Wilson van oblongifolius 
Fissidens oblongifolius Hook f. & Wilson var. palmerstonensis (LG.Stone) Beever Sc LG.Stone 
Fissidens pallidus Hook.f. & Wilson van pallidus 
Fissidens pellucidus Hornsch. # 
Fissidens perobtusus Dixon 
Fissidens perpusillus Wilson Sc Mitt. # 
Fissidens pseudopallidus LG.Stone 
Fissidens rupicola Paris Sc Broth. 
Fissidens serratus Mull.Hal. 
Fissidens submarginatus Bruch. # 
Fissidens sufflatus LG.Stone 
Fissidens tenellus Hook.f. Sc Wilson van tenellus 
Fissidens tenellus Hook.f. & Wilson van australiensis (A.Jaeger) Beever Sc LG.Stone 
Fissidens thorsbornei (LG.Stone) Brugg.-Nann. # 
Fissidens zollingeri Mont. 

Funariaceae 
Entosthodon radians (Hedw.) Miill. Hal."*^ 
Funaria hygrometrica Hedw. 

Gigaspermaceae 
Gigaspermum repens (Hook.) Lindb. 

Grimmiaceae 
Grimmia laevigata (Brid.) Brid."*^ 

Hedwigiaceae 
Hedwigidium integrifolium (P.Beauv.) Dixon 

Hypnaceae 
Ectropothecium moritzii A.Jaeger 
Ectropothecium riparioides (Bd) A.Jaeger 
Ectropothecium umbilicatum (Miill. Hal.) Paris van umbilicatum 
Ectropothecium zollingeri (Miill. Hal.) A.Jaeger 
Hypnum cupressiforme Hedw. 
Hypnum subchrysogaster (Broth.) Paris 

Pseudohypnella verrucosa (Dozy Sc Molk.) M.Fleisch. 
Taxiphyllum taxirameum (Mitt.) M.Fleisch. 
Vesicularia montagnei (Schimp.) Broth. 
Vesicularia rivalis Broth. 

Hypnodendraceae 
Bescherellia elegantissima Duby 
Hypnodendron spininervium (Hook.) A.Jaeger Sc Sauerb. subsp. archeri (Mitt.) Touw 
Hypnodendron vitiense Mitt, subsp. australe Touw 
Hypnodendron vitiense Mitt, subsp. vitiense 
Mniodendron comatulum Geh. ex Broth. # 

Hypopterygiaceae 
Cyathophorum bulbosum (Hedw.) Miill. Hal. 
Hypopterygium tamarisci (Sw.) Brid. ex Miill. Hal. 
Lopidium concinnum (Hook.) Wilson 

Lopidium struthiopteris (Brid.) M.Fleisch. 

Lembophyllaceae 
Camptochaete curvata Tangney 
Camptochaete excavata (Taylor) A.Jaeger 

Leptodontaceae 
Forsstroemia producta (Hornsch.) Paris 

Leptostomataceae 
Leptostomum erectum R.Br. 
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Leskeaceae 
Claopodium assurgens (Sull. & Lesq.) Cardot 

Leucobryaceae 
Campylopus appressifolius 
Campylopus catarractilis (Miill. Hal.) Paris 
Campylopus comosus (Schwagr.) Bosch. & Sande Lac. 
Campylopus excurrens Dixon 
Campylopus flexuosus (Hedw.) Brid. 
Campylopus introflexus (Hedw.) Brid. # 
Campylopus perauriculatus Broth. # 
Campylopus torquatus Mitt. # 

Campylopus umbellatus (Arn.) Paris 
Leucobryum aduncum Dozy & Molk. var. aduncum 
Leucobryum aduncum var. scalare (M.Fleisch) A.Eddy # 
Leucobryum candidum (Brid. ex P.Beauv.) Wilson 
Leucobryum chlorophyllosum Mull. Hal. 
Leucobryum sanctum (Schwagr.) Hampe ex Miill. Hal. 
Leucobryum wattsii Broth. 

Leucomiaceae 
Leucomium strumosum (Hornsch.) Mitt. 

Meesiaceae 
Leptobryum pyriforme (Hedw.) Wilson 

Meteoriaceae 
Note: Goffinet and Buck (2018) do not accept genus Papillaria 
Aerobryopsis longissima (Dozy & Molk.) M Fleisch. 

Barbellopsis trichophora (Mont.) WR Buck 
Floribundaria floribunda (Dozy & Molk.) M.Fleisch. 
Floribundaria pseudofloribunda M.Fleisch. 
Floribundaria walkeri (Renauld & Cardot) Broth. 
Meteoriopsis reclinata (Miill. Hal.) M.Fleisch. ex Broth. 
Meteoriopsis undulata Horik. &: Nog."^ 
Meteorium polytrichum Dozy & Molk. 
Papillaria crocea (Hampe) A.Jaeger 
Papillaria flexicaulis (Wilson) A.Jaeger 
Papillaria leuconeura (Miill. Hal.) A.Jaeger 
Papillaria nitens (Hook.f. & Wilson) Sainsbury 

Papillaria zeloflexicaulis Streimann 
Pseudospiridentopsis horrida (Mitt, ex Cardot) M.Fleisch. 
Toloxis intricata (Mitt.) L.Y.Pei, YJia & Y.F.Wang 
Trachypus humilis Lindb. 

Mitteniaceae 
Mittenia plumula (Mitt.) Lindb. 

Mniaceae 
Orthomnion elimbatum (Nog.) T.J.Kop. 

Myriniaceae 
Macgregorella indica (Broth.) W.R.Buck 

Myuriaceae 
Oedicladium rufescens Mitt. var. rufescens 
Oedicladium rufescens var. purpuratum (Mitt.) Klazenga # 

Neckeraceae 
Caduciella mariei (Besch.) Enroth. 
Circulifolium exiguum (Bosch Sc Sande Lac.) S.Olsson, Enroth & D.Quandt # 
Homaliodendron flabellatum (Sm.) M.Eleisch. 
Neckeromnion lepineanum (Mont.) S.Olssen, Enroth, Huttunen Sc D.Quandt # 
Neckeropsis cyclophyllum (Miill.Hal.) S. Olsson, Enroth Sc D.Quandt # 
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Neckeropsis nanodisticha (Geh.) M.Fleisch. 
Pinnatella alopecurioides (Mitt.) M.Fleisch. 
Pinnatella kuehliana (Bosch & Sande Lac.) M.Fleisch. 
Thamnobryum pandum (Hook.f. 8c Wilson) I.G.Stone 8c G.A.M.Scott 
Thamnobryum pumilum (Hook.f. 8c Wilson) Nieuwl. 
Touwia elliptica (Bosch. 8c Sande Lac) S.Olsson, Enroth 8c D.Quandt # 
Touwia laticostata Ochyra # 

Orthorrhynchiaceae 
Orthorrhynchium elegans (Hook.f. 8c Wilson) Reichhardt subsp. cymbifolioides 

Orthotrichaceae 
Groutiella tomentosa (Hornsch.) Wijk 8c Margad. 
Macromitrium archeri Mitt. 
Macromitrium aurescens Hampe 
Macromitrium brevicaule (Besch.) Broth."^ 
Macromitrium caloblastoides Mull. Hal. 
Macromitrium diaphanum Miill. Hal. 
Macromitrium dielsii Broth, ex Vitt 8c H.RRamsay 
Macromitrium erythrocomum H.RRamsay, Cairns 8c Meagher ^ 
Macromitrium exsertum Broth. 
Macromitrium funiforme Dixon 
Macromitrium hemitrichodes Schwagr. 
Macromitrium hortoniae Yitt 8c H.RRamsay 
Macromitrium incurvifolium (Hook. 8c Grev.) Schwagr. 
Macromitrium involutifolium (Hook. 8c Grev.) Schwagr. subsp. involutifolium 
Macromitrium involutifolium subsp. ptychomitrioides (Besch.) Vitt 8c H.RRamsay 
Macromitrium leratii Broth. 8c Raris 
Macromitrium ligulaefolium Broth. 
Macromitrium ligulare Mitt.’^ 
Macromitrium microstomum (Hook. 8c Grev.) Schwagr. 
Macromitrium repandum Miill. Hal. 
Macromitrium stoneae Yitt 8c H.RRamsay 
Schlotheimia brownii Schwagr. 
Schlotheimia funiformis Taylor ex Dixon 
Zygodon intermedius Bruch. 8c Schimp. 

Pilotrichaceae 
Callicostella papillata (Mont.) Mitt, v^r.papillata 
Callicostella papillata vsir. prabaktiana (Mull. Hal.) Streimann 
Cyclodictyon blumeanum (Miill. Hal.) O.Kuntze 
Hookeriopsis utacamundiana (Mont.) Broth. 
Thamniopsis utacamundiana (Mont.) W.R.Buck 

Plagiotheciaceae 
Isopterygiopsis pulchella (Hedw.) Z.Iwats."^ 
Pseudotaxiphyllum pohliaecarpum (Sull. 8c Lesq.) Z.Iwats."^ 

Polytrichaceae 
Dawsonia longiseta Hampe 
Dawsonia polytrichoides R.Br. 
Pogonatum neesii (Miill. Hal.) Dozy 
Pogonatum tubulosum Dixon 
Poly trichum juniperinum Hedw. 

Pottiaceae 
Anoectangium aestivum (Hedw.) Mitt. 
Barbula consanguinea (Thwaites 8c Mitt.) A.Jaeger 
Barbula indica (Hook.) Spreng.’*^ 

Barbula subcalycina Miill. Hal. 
Ephemerum fimbriatum Miill. Hal. 
Gymnostomum calcareum Nees 8c Hornsch.^ 
Hyophila involuta (Hook.) A.Jaeger 
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Pseudosymblepharis bombayensis (Miill. Hal.) P.Sollman 
Trachy carpidium brisbanicum (Miill. Hal.) I.G.Stone 
Trichostomum brachydontium Bruch. 
Weissia balansae (Miill. Hal.) R.H.Zander # 
Weissia controversa Hedw. 
Weissia edentula Mitt."*" 
Weissia perpusilla (Miill. Hal.) I.G.Stone 

Pterobryaceae 
Calyptothecium recurvulum (Broth.) Broth.# 
Calyptothecium urvilleanum (Miill. Hal.) Broth.^ 
Cryptogonium phyllogonioides (Sull) Isov. 

Muellerobryum whiteleggei (Broth.) M.Fleisch. 
Neolindbergia vitiensis (E.B.Bartram) Enroth 
Pterobryidium australe Broth. Sr Watts 
Pterobryopsis australina (Mitt.) N.-N.Yu & Y.Jia # 
Symphysodontella splendens (Reinw. & Hornsch.) Touw & Magill 

Ptychomitriaceae 
Ptychomitrium australe (Hampe) A.Jaeger 

Ptychomniaceae 
Euptychium setigerum (Sull.) Broth, subsp. setigerum 
Garovaglia elegans (Dozy & Molk.) Bosch. & Sande Lac. subsp. dietrichiae (Miill. Hal.) During 
Garovaglia powellii var. muelleri (Hampe) During 
Hampeella concavifolia Hattaway & D.H.Norris 
Hampeella paliens (Sande Lac.) M.Fleisch. 

Ptychomnion aciculare Brid.) Mitt. 

Pylaisiadelphaceae 
Clastobryum cuculligerun var. dimorphum (Sande Lac) Tixier (I.G.Stone) B.C.Tan. T.J.Kop. & D.H.Norris # 
Clastobryum epiphyllum (Renauld & Cardot) B.C.Tan & Touw 
Isocladiella wattsii (Broth.) B.C.Tan, H.P.Ramsay & W.B.Schofield 
Isopterygium albescens (Hook.) A.Jaeger # 
Taxithelium instratum (Brid.) Broth. 
Taxithelium kerianum (Brid.) Broth. 
Taxithelium leptosigmatum (Mull. Hal. ex. Geh.) Paris# 
Taxithelium lindbergii (A.Jaeger) Renauld & Cardot 
Taxithelium muscicola (Broth.) B.C.Tan, H.P.Ramsay & W.B.Schofield 
Taxithelium nepalense (Schwagr.) Broth. 
Trachyphyllum inflexum (Harv.) A.Gepp. 
Trismegistia lancifolia (Harv.) Broth, var. australiensis H.Akiy. # 
Wijkia extenuata (Brid.) H.A.Crum 

Racopilaceae 
Powellia involutifolia Mitt. 
Powelliopsis integra (Dixon) Zanten # 
Racopilum cuspidigerum (Schwagr.) Angst, var. convolutaceum (Miill. Hal.) Zant. & Dijkstra 
Racopilum cuspidigerum (Schwagr.) Angst, var. cuspidigerum 

Rhizogoniaceae 
Pyrrhobryum latifolium (Bosch. & Sande Lac.) Mitt. 
Pyrrhobryum medium (Besch.) Manuel 
Pyrrhobryum paramattense (Miill. Hal.) Manuel 
Pyrrhobryum spiniforme (Hedw.) Mitt. 
Rhizogonium graejfeanum (Miill. Hal.) A.Jaeger 

Sematophyllaceae 

Acanthorrhynchium papillatum (Harv.) M.Fleisch. 
Acroporium hyalinum (Reinw. ex Schwagr.) Mitt. var. hyalinum # 
Acroporium lamprophyllum Mitt. yar. percaudatum (E.B.Bartram) B.C.Tan, W.B.Schofield Sr H.P.Ramsay 
Acroporium microcladon (Dozy Sr Molk.) B.C.Tan, var. rhizogemmae B.C.Tan, W.B.Schofield Sr H.P.Ramsay 
Acroporium strepsiphyllum (Mont.) B.C.Tan 
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Clastobryophilum balanseanum (Besch.) Broth.’^ 
Macrohymenium mitratum (Dozy & Molk.) M.Fleisch. 

Meiotheciella papulosa (Broth.) B.C.Tan, W.B.Schofield & H.P.Ramsay 
Meiothecium intextum Mitt. # 
Meiothecium microcarpum (Hook.) Mitt. 
Meiothecium secundifolium Dixon 
Radulina borbonica (BH.) W.R.Buck # 
Rhaphidorrhynchium amoenum (Hedw.) M.Fleisch. van amoenum 
Sematophyllum homomallum (Hampe) Broth. 
Sematophyllum subhumile (Mull.Hal.) M.Fleisch. van contiguum (Mitt.) B.C.Tan, H.RRamsay & W.B.Schofield 
Sematophyllum subhumile (Mull.Hal.) M.Fleisch. van subhumile 
Sematophyllum subpinnatum (Brid.) E.Britton 
Trichosteleum boschii (Dozy & Molk.) A.Jaeger 

Trichosteleum ruficaule (Thwaites & Mitt.) B.C.Tan 
Trichosteleum subfalcatulum (Broth. & Watts) B.C.Tan, W.B.Schofield & H.RRamsay 
Trichosteleum wattsii (Paris) B.C.Tan, W.B.Schofield &: H.P.Ramsay 
Warburgiella cupressinoides Mull. Hal. ex Broth. # 
Warburgiella leucocytus (Miill. Hal.) B.C.Tan, W.B.Schofield & H.P.Ramsay# 

Sorapillaceae 
Sorapilla papuana Broth. & Geh. 

Sphagnaceae 
Sphagnum perichaetiale Hampe 

Stereophyllaceae 
Entodontopsis pygmaea (Paris & Broth.) W.R.Buck & Ireland’*^ 

Stereophyllum radiculosum (Hook.) Mitt. 

Symphyodontaceae 
Chaetomitrium tahitense (Sull.) Mitt. 
Trachythecium verrucosum (A.Jaeger) M.Fleisch. 

Thuidiaceae 
Pelekium gratum (P.Beauv.) Touw 
Pelekium investe (Mitt.) Touw 
Pelekium synoicum (Touw) Touw 
Thuidiopsis sparsa (Hook.f. & Wilson) Broth, van sparsa 

Thuidium cymbifolium (Dozy Sc Molk.) Dozy & Molk. 

Trachylomataceae 
Trachyloma diversinerve Hampe 
Trachyloma indicum Mitt, van indicum 
Trachyloma indicum Mitt, van novae-guineae (Mull. Hal.) N.G.Mill. & Manuel 
Trachyloma planifolium (Hedw.) Brid. 

Viridivelleraceae 
Viridivellus pulchellum I.G.Stone 
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Abstract 

The south-western Australian species Boronia clavata Paul G.Wilson and B. denticulata Sm. (Rutaceae) 
are revised and B. clavata subsp. grandis Duretto from Cape Arid National Park and B. denticulata subsp. 
whoogarupensis Duretto from in and near western Fitzgerald River National Park are newly described. 

Introduction 

Boronia sections Boronia and Pedunculatae (Rutaceae) have recently been revised for Western Australia 
(Wilson 1971, 1998; see also Duretto et al. 2013). New collections of B. clavata Paul G.Wilson (section 
Boronia) from Cape Arid National Park, and B, denticulata Sm. (section Pedunculatae) from the Whoogarup 
Range in Fitzgerald River National Park, have precipitated revision of both species. In both species there are 
geographically isolated populations that have minor morphological differences, e.g. flower size and sepal shape, 
and these taxa are formally recognised below as subspecies. Results of these revisions are discussed under each 
species below. 

Material and methods 

Herbarium specimens from PERTH and NSW were studied. Type specimens were viewed online at JSTOR 
Global Plants (https://plants.jStor.org). 

Taxonomy 

Boronia clavata Paul G.Wilson, Nuytsia 1(2): 199 (1971) 

Type citation: K. Newbey 2876, Bremer River ca. 10 mi from mouth, 15 ix 1969 (holo: PERTH; iso: K, MEL) 

Type: WESTERN AUSTRALIA: Bremer River, c. 16 km from mouth, 15 Sep 1969, K. Newbey 2876 (holotype: 
PERTH 1149954; isotypes: K 717250, MEL 704714, NSW 776511, PERTH 1149962; types viewed at Global 
Plants, https://plants.jStor.org). 

© 2019 Royal Botanic Gardens and Domain Trust 
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Erect shrub to 5 m tall; branchlets puberulous or puberulous with scattered longer hairs to 0.5 mm long, with 
faint decurrent leaf bases. Leaves opposite-decussate, subsessile or with petiole to 1 mm long, 3-5(-7)-foliolate, 
mostly glabrous with few scattered hairs or sparsely to densely puberulous, sometimes with scattered longer 
hairs; rhachis segments 3.5-4 mm long; leaflets linear to linear-cuneate, 10-35 mm long, 0.9-2.0 mm wide, 
margins flat, tip obtuse to acute. Flowers axillary, solitary, erect, 4-merous. Peduncle absent or to 2 mm long, 
puberulous; bracteoles 1-2.5 mm long; pedicles narrowly turbinate, puberulous, 2-3 mm long. Sepals debate 
to narrowly debate, 1-3 mm long, 1-1.75 mm wide, with subapical apiculum abaxially, glabrous with a few 
hairs near tip or ciliate or sparsely puberulous or densely puberulous. Petals pale yellow-green, broadly elliptic, 
4.5-9 mm long, with subapical apiculum abaxially, abaxial and adaxial surfaces puberulous near margins, 
deciduous with fruit. Stamens 8; antisepalous stamens c. 3 mm long, filaments pilose near base, swollen near 
apex and appearing arched, anthers 0.75-1 mm long; antipetalous stamens c. 1 mm long, filaments pilose near 
base, slightly swollen near apex, anthers c. 1 mm long. Disc shortly columnar. Ovary sparsely hirsute; style and 
stigma together 3-4.5 mm long, massive, clavate and lobed. Cocci (see subsp. clavata). Figs. 1 & 2. 

Fig.l. Boronia clavata subsp. clavata. a - flowering stem; b - stem detail; c - sepal, abaxial view; d - gynoecium, 3 stamens 

removed, a-d - Newbey 2876 (NSW 776511, isotype). Scale bar = 20 mm for a, 2 mm for b, 5 mm for c & d. Reproduced 

with permission from the Australian Biological Resources Study and Catherine Wardrop (originally published in Duretto 

[2013], Fig. 25K-N). 

Notes: Boronia clavata was described by Wilson (1971) and was until recently considered to be a localised 
endemic of the Bremer River and Gairdner River areas, west of Fitzgerald River National Park in Western 
Australia. Between 2011 and 2017, plants were collected from Cape Arid National Park and were identified as 
being close to B. clavata and possibly an undescribed species. These plants were notable because of their large 
size (to 5 m tall) and that some plants had hairy leaves (the typical form of B. clavata is up to 2 m tall and has 
glabrous leaves). Collections from this area indicated that there were plants with almost glabrous leaves (e.g.. 
Young DAY_WA17_20) and plants with hirsute leaves {e.g.,Young DAY_WA17_21) growing in close proximity 
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that were otherwise very similar in both flower and leaf morphology. Plants from Cape Arid differ from the 
typical form in having longer sepals and mostly longer petals and puberulous branches with scattered longer 
hairs to 0.5 mm (versus just puberulous, with all hairs to c. 0.1 mm long). They are also taller and wider than 
the typical form but this may reflect an increase in individual stature facilitated by a longer period of time since 
the last fire. The differences between the two populations warrants taxonomic recognition and plants from 
Cape Arid National Park are described below as B. clavata subsp. grandis Duretto. 

Conservation status: The species is listed as Endangered under both Western Australian and Commonwealth 

legislation though these listings are probably based on information of the typical subspecies only. Population 
size is rarely documented on herbarium sheets and then the species is usually reported as being rare or 
occasional where found. 

Key to the subspecies of Boronia clavata 

1. Sepals debate to narrowly debate, 1-2 mm long; petals 4.5-7 mm long; branchlets 
puberulous (a dense covering of short hairs to 0.1 mm long) .B. clavata subsp. clavata 

1. Sepals narrowly debate, 2.5-3 mm long; petals 8-9 mm long; branchlets 
puberulous with scattered longer hairs (to 0.5 mm long). B. clavata subsp. grandis 

Boronia clavata Paul G.Wilson subsp. clavata 

Erect shrub to 2.1 m tall; branchlets puberulous. Leaves subsessile with petiole to 0.5 mm long, mostly glabrous 
with few scattered hairs or scarcely puberulous. Peduncle absent or minute; bracteoles c. 1 mm long. Sepals 
debate to narrowly debate, 1-2 mm long, 1-1.5 mm wide, glabrous with a few hairs near tip or ciliate or 
sparsely puberulous. Petals 4.5-7 mm long. Cocci glabrous, 4-5 mm long, 2-2.5 mm wide. Fig. 1. 

Distribution: Confined to the Bremer River and Gairdner River areas in south-western Australia. 

Habitat: Alluvial flats of sandy loam over spongelite with heath or low woodland. 

Flowering and fruiting: Flowering material has been collected from September to November and in February; 
fruiting material in November. 

Conservation status: The subspecies is known from a restricted area and the known population appears to be 
small. There have not been recent collections from the Gairdner River area and the taxon maybe extinct there. 

Representative specimens examined: (12 specimens seen; collections details obfuscated for conservation 
reasons) WESTERN AUSTRALIA: SW Bay River (Bremer R.), Garden Inlet Road, 6 Sep 1993, C.J. Robinson 
1151 (PERTH); Devil Bank, 34°18'S 119°13'E, 17 Nov 1999, S. Barrett 811 (PERTH); Northern bank of Lizzie 
Creek, near junction with Bremer River, 34°22'S 119°2TE, 26 Feb 2000, S. Barrett 830 (PERTH); Gairdner River, 

20 Sep 1969, K. Newbey 2883 (PERTH); Devil Creek, 34°17'S 119°13'E, 17 Nov 1999, S. Barrett 812 (PERTH). 

Boronia clavata subsp. grandis Duretto, subsp. nov. 

Type: WESTERN AUSTRALIA: Just W of Thomas Fisheries, Cape Arid National Park, 33°59'S 123°13'E, 18 Sep 
2017,D.A. YoungDAY_WA17_21 (holotype: PERTH 8981884). 

Etymology: The subspecific epithet is derived from the Latin grandis (large) and refers to plants being larger 
and having larger flowers than those of the typical subspecies. 

Erect shrub to 3(-5) m tall; branchlets puberulous with scattered longer hairs to 0.5 mm long. Leaves subsessile 
or with petiole to 1 mm long, mostly glabrous with few scattered hairs or densely puberulous with scattered 
longer hairs. Peduncle absent or to 2 mm long; bracteoles 2-2.5 mm long. Sepals narrowly deltate, 2.5-3 mm 
long, 1.5-1.75 mm wide, ciliate or densely puberulous. Petals (6-)8-9 mm long. Cocci not seen. Fig. 2. 

Distribution: Apparently confined to a limited area near Thomas Fishery in Cape Arid National Park, south¬ 
western Australia. 

Habitat: Found in drainage lines associated with a massive granite outcrop in closed thick scrubland. 

Flowering: Flowering material has been collected in October and November. 

Conservation status: The subspecies appears to be very restricted in distribution and detailed surveys are 
required to ascertain population size and conservation status. It is found in Cape Arid National Park. 
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Fig. 2. Boronia clavata svhs^. grandis. a - flowering stem; b - gynoecium & stamen detail; c - gynoecium & stamen detail 

with 1 antisepalous & 2 antipetalous stamens removed; d & i - stem detail showing two types of hair; e - leaf adaxial 

view; f & h - sepal abaxial view; g - flower; j - leaf adaxial view, a-g - DAY_WA17_21 (PERTH 08981884); h-j - Young 

DAY_WA17_20 (PERTH 08981876). Scale bar = 20 mm for a, 5 mm for b & c, 2 mm for d, e, i & j, and 10 mm for g. 
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Specimens examined: (collections details obfuscated for conservation reasons) Western Australia: Cape Arid 
National Park, 19 Oct 2011, G. Wardell-Johnson & K. Gunnae AR 314 (PERTH); ibid, 8 Oct. 2013, W. Gill 
1/1013 (PERTH, NSW); ibid, 11 Nov 2014, E. Massenbauer 704-710 {704-705 - PERTH, NSW; 706-710 - 
PERTH); ibid, 18 Sep 2017, D.A. Young DAY_WA17_20 (PERTH). 

Boronia denticulata Sm., Trans. Linn. Soc. London 8: 284 (1807) 

Type citation: Gathered at King Georges Sound, by Mr. Menzies. 

Type: WESTERN AUSTRALIA: King George Sound, west coast of New Holland, lat. 35, 1803, A. Menzies 
(holotype: LINN HS684.7; viewed at Global Plants, https://plants.jstor.org). 

Slender shrub 1-3 m tall, glabrous apart from stamens; branches smooth. Leaves opposite-decussate, sessile, 
simple, linear-elliptic to narrow-elliptic to narrow-lanceolate to narrow-oblanceolate, 11-50 mm long, 1-15 
mm wide; margins entire, almost entire with only very slightly raised glands, or slightly to distinctly glandular- 
dentate. Inflorescence an open cyme, mostly terminal, sometimes also in upper leaf axils; peduncle and 
secondary inflorescence branches 2-23 mm long; pedicels 5-20 mm long, 0.5-1.5 mm wide. Flowers 4-merous. 
Sepals debate or narrowly debate, 1.0-3.1 mm long, 0.7-2.1 mm wide, caducous. Petals light to dark pink, 4-9 
mm long, 3-6 mm wide, caducous. Stamens 8; filaments 1.5-3 mm long, slightly glandular at tip or sometimes 
also with scattered glands along upper half, sparsely pilose, sometimes with only a few hairs near base; anthers 
non-apiculate. Disc cushion-like. Ovary glabrous; style glabrous; stigma minute. Cocci 3-3.5 mm long, 1.7-2.5 
mm wide, truncate, glabrous. Seed 1.5-2.5 mm long, 0.75-1.5 mm wide. Figs. 3 & 4. 

Notes: Boronia denticulata is found in south west Australia from Denmark to Cape Arid National Park and is 
strikingly variable in leaf morphology (Fig. 3). Material closely matching the type has narrowly elliptic leaves 
with distinctly denticulate margins and has been collected mainly from Denmark to Albany, rarely further 
east to the Fitzgerald River, Fitzgerald River National Park, as far inland as Stirling Range National Park, and 
then, further east, at Cape Le Grand and Cape Arid National Parks. Most plants from between Albany and 
Hopetoun have leaves that are almost entire with only very subtle denticulations; a few collections of this form 
have also been made between Albany and Denmark as well as at Cape Arid. The entire-leaved form matches 
the type of B. chironiifolia Bartl. Another form from the King George Sound (Albany) and Denmark areas has 
larger obovate denticulate leaves, thicker and slightly glaucous inflorescence parts than other plants. This form 
has only rarely been collected and it has been suggested it may be an intergradation between B. denticulata 
and B.fastigiata Bartl. (Duretto et al. 2013). Some plants from Cape Le Grand National Park also display these 
features, though to a lesser degree. 

In 2011, material from a large plant of B. denticulata was collected from the Whoogarup Range in eastern 
Fitzgerald River National Park {Rathbone DAR 620). The specimen was striking in that it had linear to 
narrowly elliptic leaves with more or less entire margins, a very open and large inflorescence with very narrow 
pedicels, and large flowers with narrowly debate sepals (verses debate sepals as seen usually in B. denticulata). 
On initial examination the specimens looked like an undescribed species. Detailed examination of herbarium 
specimens held at PERTH and NSW indicated that the situation was not so straightforward. Specimens 
from the Whoogarup Range had been collected before {George 1902, George 7192) and these do not have the 
significantly larger inflorescence parts and petals of the Rathbone DAR 620 collection, though they were at the 
upper end of the range seen elsewhere in B. denticulata. In addition, there were herbarium specimens collected 
in eastern Fitzgerald River National Park and west of the Whoogarup Range, at Thumb Peak {Newbey 2723), 
Middle Mount Barren {Gardener 9162)and Phillips River {Wittwer 393), that also had the narrowly debate 
sepals and large inflorescences and petals, though not as large as seen in the Whoogarup Range. The linear 
leaves are also seen elsewhere in B. denticulata (see Fig. 3e, f). All specimens east of the Fitzgerald River, mostly 
in the eastern portion of Fitzgerald National Park, have the distinctive narrowly debate sepals. They are also 
found in a different habitat than other collections of the species: creek gullies as opposed to swamps. When 
occurring in swamps plants are often in standing water. The form found east of the Fitzgerald River, mainly 

in eastern Fitzgerald River National Park, is described below as B. denticulata subsp. whoogarupensis Duretto. 

Boronia denticulata is a species that expresses a remarkable diversity of leaf form. This level of variation is also 
seen in the closely related B. spathulata Lindl. The variation may be representative of genetic differences or a 
response to the environment and/or the age of the plant. Striking differences in leaf morphology as a function 
of plant age and ecology are seen in other species of Boronia, for example in B. ledifolia Vent, of south-eastern 
Australia (Duretto 1999) and both B. lanuginosa Endl. and B. lanceolata F.Muell. of north-western Australia 
(Duretto 1997). Detailed population, morphological and molecular studies on B. denticulata and related 
species are warranted to ascertain whether the morphological variation seen is a function of ontology and age 
of the plants and/or the environment or represents actual taxonomic groups. 
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Fig. 3. Boronia denticulata subsp. denticulata: leaf and inflorescence variation, a, e, i & m - flowering branch; b, f, j & n - 

leaf shape; c, g, k & o - leaf margin detail; d, h, 1 & p - sepal abaxial view, a-d - O’Shea s.n. (PERTH 04370430); e-h - Cuneo 

192 (NSW 391270); k-1 - Sheath s.n. (NSW 393105); m-p - Goadby s.n. (NSW 393081). Scale bar = 30 mm for a, e, i &ni, 

15 mm for b, f, j & n; 7.5 mm for c, g, k & o, and 5 mm for d, h, 1 & p. 
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Conservation status: The species is widespread, found in several conservation reserves including Fitzgerald 
River, Cape Le Grand and Cape Arid National Parks, and appears secure. It is not listed as threatened under 
Western Australian or Commonwealth legislation. 

Key to the subspecies of Boronia denticulata 

1. Sepals debate, 1-2.1 mm long and wide.B. denticulata subsp. denticulata 

1. Sepals narrowly debate, 2.5-3 mm long, 0.75-1.1 wide.B. denticulata subsp. whoogorupensis 

Boronia denticulata Sm. subsp. denticulata 

Boronia chironiifolia Bartl. in J.G.C. Lehmann, Pi Preiss. 1(2): 167 (1845). 

Type: WESTERN AUSTRALIA: 17 miles [27 km] from Albany, 9 Nov. 1840, L. Preiss 2027 (lectotype: LD 
1002914, fide Wilson (1998, p. 134); isolectotypes: MEL 1058492, MEL 1058493; GOET; types viewed at 
Global Plants, https://plants.jstor.org). 

Leaves linear-elliptic to narrow-elliptic to narrow-lanceolate to narrow-oblanceolate, 11-50 mm long, 1-15 mm 
wide; margins distinctly glandular-dentate to almost entire with only very slightly raised glands or entire. 
Inflorescence: peduncle and secondary branches 2-15 mm long; pedicels 5-12(-20) mm long, 0.5-1.5 mm 
wide. Sepals debate, 1.0-2.1 mm long and wide. Petals 4-7 mm long, 3-5 mm wide. Fig. 3. 

Distribution: Found from Denmark to the Fitzgerald River, western portion Fitzgerald River National Park, 

inland to the Stirling Range, and then east of Esperance at Cape Le Grand and Cape Arid National Parks. 

Habitat: Found in seasonally inundated wetlands and swamps, as well as Melaleuca open woodland, usually 
on sandy soils. Often collected in standing water. 

Flowering and fruiting: Flowering material has been collected from April to January, and fruiting material 
from November to January 

Conservation status: The subspecies is widespread, often locally abundant and found in numerous conservation 
reserves and does not appear to be threatened. 

Selected specimens (c. 90 seen): WESTERN AUSTRALIA: Denmark River, Denmark, Aug 1936, C.E. Gardner 
s.n. (PERTH 935840); Nullaki Point, Wilsons Inlet, Denmark, 26 Jul 1987, D. Tysoe 5429 (PERTH); Grasmere, 
35°0'41"S 117°45'23"E, Oct 1991, P O’Shea s.n. (PERTH 04370430); Normans Inlet, Mt Manypeaks, c. 35 km 
E of Albany, 7 Aug 1986, G.J. Keighery 8224 (PERTH); Albany, 1904, H.E. Sheath s.n. (NSW 393122); King 

George Sound, Col Goadby s.n. (PERTH 934364); King Georges Sound, 35°03""S 117°58'E, B.T. Goadby s.n. 
(NSW 393081); Kalgan River, Kamballup, 34°35'S 117°59'E, 10 Oct 1996, R. Garstone s.n. (PERTH 5640423); 
Kalgan River, below Old Kalgan Bridge, near Albany, 34°53'48"S 118°00'04"E, 3 Oct 1995, P. Cuneo 192 & C. 

Offord (NSW); Moorialup Creek, c. 7 km E of Porongurup Range, 34°42'S 118°3'E, 7 Sep 2014, D.A. Young 12 
(NSW); Metal Dump Reserve, Cheyne Beach Rd, 2 km from Hassell Highway, 34°51'S 118°18'E, 8 Oct 1997,E.J. 
Croxford 7950 (PERTH); Near Mount Bland, Eitzgerald River Reserve, 6 Oct 1970, PG. Wilson 10150 (PERTH, 
NSW); Jorndee Creek, Cape Arid, 33°55'S 123°20'E, 1 Nov 1991, G.J. Keighery 11941 (PERTH); Between Mount 
Le Grand and Lucky Bay, ca. 28 km SE of Esperance, 30 Sep 1970, PG. Wilson 10013 (PERTH); [Cape] Le 
Grand National Park, shore of the round lake NE of Erenchman Peak, 15 Oct 1991, W. Greuter s.n. (PERTH); 
Cape Le Grand National Park, 18 Feb 1967, R.D. Royce 8390 (PERTH); Marbellup, 33°54'S 122°06'E, 1904, H.E. 
Sheath s.n. (NSW 393105). 

Boronia denticulata subsp. whoogarupensis Duretto, subsp. nov. 

Type: WESTERN AUSTRALIA: Whoogarup Range, Eitzgerald River National Park, 33°56'S 119°5TE, 22 Sep 
2011, D. Rathbone DAR 620 (holotype: PERTH 08267960) (Eig. 4). 

Etymology: The subspecific epithet is derived from the main location where this subspecies has been collected, 
Whoogarup Range in eastern Fitzgerald River National Park. 

Leaves linear-elliptic to linear-oblanceolate, 16-41 mm long, 1-2.5 mm wide; margins entire or with only very 
slightly raised glands. Inflorescence: peduncle and secondary inflorescence branches 9-23 mm long; pedicels 
7-18 mm long, 0.3-0.5 mm wide. Sepals narrowly debate, 2.5-3.1 mm long, 0.75-1.1 wide. Petals (5-)6-9 mm 
long, 4-6 mm wide. Fig. 4. 
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Fig. 4. Boronia denticulata subsp. whoogarupensis. a - flowering stem; b - leaf abaxial view; c - leaf abaxial view, detail; 

d - sepal abaxial view; e - flower, a-e - Rathbone DAR620 (PERTH 08267960, holotype). Scale bar = 30 mm for a, 15 mm 

for b, 7.5 mm for c, 5 mm for d, and 5 mm for e. 

Distribution: Found in east of Fitzgerald River, eastern Fitzgerald River National Park on Whoogarup Range, 
Middle Mount Barren, Thumb Peak and to the north of the park at Phillips River, south-western Australia. 

Habitat: Little ecological information has been recorded with herbarium collections but the subspecies has 
been collected from creek beds and sometimes on black sand. Community types not given with collections; 
one collection indicates the taxon was found with Eucalyptus conferruminata and Thomasia sp. Hopetoun 
{K.R.Newbey 4986). 

Flowering and fruiting: Flowering material has been collected from August to December and fruiting material 
from October to December. 

Conservation status: Known from few collections and four locations and mostly within Fitzgerald River 
National Park. Most collections provide no information on population size. Further surveys are required 
before an accurate conservation assessment can be made for the taxon. 

Specimens examined: WESTERN AUSTRALIA: Whoogarup Range, 2 Dec 1960, A.S. George 1902 (PERTH); 
Whoogarup Range, 1 Nov 1965, A.S. George 7192 (PERTH); Thumb Peak, E of Ongerup, 27 Oct 1967, 
K. Newbey 2723 (PERTH); Thumb Peak, E of Ongerup, 27 Oct 1967, K. Newbey 2722 (PERTH); Middle Mount 
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Barren, 20 Sep 1948, C.A. Gardner 9162 (PERTH); Phillips River, 17 miles from Ravensthorpe, 27 Aug 1965, 
E. Wittwer 393 (PERTH). 
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Abstract 

The species included in the Blechnum vulcanicum group are all characterised by the presence of unique, minute, 
surface outgrowths on various aerial parts of a plant; these have previously in error been described as short hairs. 
However, these so-called‘hairs’ are distinctive and consist of about 4 to 7 cells in a linear arrangement. The species 
of Blechnum that have this feature are here recognised as a new Section, Blechnum sect. Pilosa T.C.Chambers. 
The species Blechnum vulcanicum (Blume) Kuhn has been widely cited in taxonomic, floristic and ecological 
studies for Malesia, Australasia and Oceania, but shows much variation across this wide geographic range. The 
present study rejects this broad view and recognises a total of 13 species in this group. This includes three new 
species {Blechnum aequabile T.C.Chambers, B. humile T.C.Chambers and B. megavulcanicum T.C.Chambers), 
and three new combinations {Blechnum deltoides (Colenso) T.C.Chambers, B.feani (E.D.Br.) T.C.Chambers, 
and B. tovii (E.D.Br.) T.C.Chambers). 

Introduction 

Originally described from Java, the species Blechnum vulcanicum (Blume) Kuhn has been widely cited in 
taxonomic, floristic and ecological studies for Malesia (although apparently absent from peninsular Malaysia), 
Australasia and Oceania. In Australasia and Oceania this name has been applied to plants in the Solomons, as 
well as many Pacific Islands east to Tahiti, including the Marquesas and the Cook Islands, Eiji, New Caledonia; 
and SE Australia, Tasmania and throughout New Zealand to its southern limit on Stewart Island. Several 
specific and varietal names have sometimes been applied to these various and somewhat varying populations 
but in most publications they have been identified either as Lomaria vulcanica Blume or Blechnum vulcanicum 
(Blume) Kuhn. Detailed field and herbarium studies have revealed that some of these populations have both 
morphological and geographical integrity justifying separate taxonomic status. Brownlie and Philipson (1971) 
drew attention to the need for monographic revision of this group, pointing out that the nearest relative to 
the Rarotongan and Society Island plants of Blechnum vulcanicum appeared to be what up until then had 
sometimes been referred to as Lomaria pilosa Brack, from Fiji. 

A defining morphological feature of this species group is the presence of characteristic straight hairs that 
consist of 5 to 7 cells and are 2-7(-I0) mm long, normally tapering evenly from a slender base to a finer but 
rounded apex with each cell filled with a clear liquid in reasonably fresh material (Fig. Ic). This distinctive 
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feature forms the basis for recognition of this group as a separate section of the genus, sect. Pilosa, formally 
described below. 

Investigating this group has proved difficult not only because some taxa are rarely encountered in the field, and 
in herbaria are represented by relatively few collections, but also because it is not always possible to differentiate 
phenotypic from genotypic variation. Further, the often discontinuous distribution of the taxa, together with 

their relative rarity makes systematic collecting and study, especially in remote localities in the field, somewhat 
limited. The interpretation presented here for some taxa may require further adjustment as a result of more 
detailed field and laboratory observations. Future detailed macromolecular studies may assist in defining and 
confirming taxonomic boundaries between species. 

Conservation status 

In the interests of conservation of the taxa in the Section Pilosa a note of caution is necessary as many of the 
occurrences of members are isolated, often small, plants in very vulnerable populations. Only in exceptional 
circumstances, and when there are many individual plants in a single population, should a whole plant be 
removed. In the senior author’s experience mature specimens of sect. Pilosa collected in the field rarely 
survive for more than a few months in cultivation. Therefore to ensure survival of taxa and maintenance of 
diversity, only small samples are required; so, if needed for cultivation, a single mature fertile pinna placed 
into a small sterile bag and sealed and planted as soon as possible using standard sterile techniques will be 
adequate. For herbarium records one single sterile frond and a single fertile frond, each carefully cut at the 
base including the persistent basal stipe scales (avoiding damage to the apical region of the rhizome/caudex), 
makes an adequate specimen if accompanied by detailed notes on the dimensions of the caudex, and range 
of dimensions of sterile and fertile fronds and, if present, creeping rhizomes as well as details of the habitat. 
Careful and minimal handling of collected fronds is essential as the fine hairs in some taxa are fragile and 
easily reduced in number. 

Ecological and geographic distribution of Blechnum Section Pilosa 

Members of Blechnum sect. Pilosa as defined in the present paper mostly occur in a wide range of humid forest 
and rainforest habitats from sea-level in coastal vegetation to montane communities and are more frequently 
present on the ground in open woodland and in forest margins but some species are also present in exposed 
montane and subalpine grasslands. In forested areas, many occur in sheltered habitats or on steep sites and are 
most frequently to be found colonising slopes in the vicinity of waterfalls and semi-shaded river banks, as well 
as on track and road cuttings in humid woodland areas. 

The geographic distribution of members of this Section may be explained by a combination of trans-oceanic 
wind dispersal and by limited ancient Gondwana land connections. In terms of trans-oceanic migration, the 
habitat of most of the taxa of this Section would appear to have resulted from wind distribution of spores. 
Somewhat variable populations of B. deltoides (Colenso) T.C.Chambers are recorded from various locations 
in Tasmania and Eastern Victoria, and from New Zealand. The minor variation between these populations 
suggests relatively recent divergence resulting from dispersal of spores from Tasmania across the Tasman, 
carried on the prevailing westerly winds. More recently, a specimen from Chile {Cherry 9799, NSW 415409) 
was found to have the same distinctive hairs on the abaxial surface of its sterile fronds, suggesting that spores 
of sect. Pilosa had reached to the west coast of southern South America. 

Other prevailing wind patterns almost certainly account for the present distribution of some members of the 
sect. Pilosa on a number of very isolated oceanic islands in the Pacific region, some of which are of volcanic 
origin. Some of these occurrences are presumably sufficiently ancient to account for further evolution, 
in isolation, of characters that differentiate these taxa. For example, two taxa apparently closely related to 
Blechnum deltoides, Blechnum feani (E.D.Br.) T.C.Chambers and Blechnum tovii (E.D.Br.) T.C.Chambers, 
appear to have evolved on one island of the Marquesas (Hiva Oa) while B. deltoides itself is recognised here 
as a variable species, which occurs in New Zealand, where it is widespread, and in south-eastern Australia. 
Other examples of isolated taxa, belonging to the Section Pilosa, are found on relatively small distant islands 
in the Pacific region. These include Blechnum nukuhivense E.D.Br. endemic to the island of Nukuhiva in the 
Marquesas, B. venosum from Nukuhiva but also from Rapa in the Tubuai Islands with a possible record from 
Pohnpei (Ponape) in the Caroline Islands in Micronesia, B. glabrescens T.C.Chambers & Sykes from Rarotonga 
(Cook Islands), Western and American Samoa, with additional records from Aneityum (Vanuatu), as well 

as Blechnum megavulcanicum T.C.Chambers from Bougainville and the Solomon Islands. These are here 
interpreted as further probable examples of evolution in isolation. 
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In terms of what may be much older Gondwanan distributions, the taxa occupying ancient land masses that 
were until 116 million years ago more closely connected would include the Malesian and possibly the Papuasian 
Blechnum vulcanicum and the closely related Blechnum pilosum (Brack.) Brownlie from Fiji. Subsequent 
evolution and distribution appear to have resulted in Blechnum aequabile T.C.Chambers in Fiji as well as on 
Upolu in Samoa, Rarotonga in the Cook Islands, Rapa in the Tubuai Islands and, in Vanuatu, the islands of 
Aneityum, Tanna and Espiritu Santo. It should be noted that Blechnum vulcanicum s.str. is poorly represented 
in collections from the Philippine Islands. The only Philippine specimens seen for this study were from the 
northernmost island, Luzon, but one would expect that this taxon may be (or has previously been, prior to 
over-clearing of the native vegetation) present on other islands of the Philippines. 

Note on species authorship and classification 

This paper is based substantially on a manuscript by the first author, TC Chambers, who was unable to complete 
it due to ill health. Recognition and ranking of taxa, comments on distribution, dispersal and ecology, and 
any discussion of relationships are his alone. The second author has revised the key, made extensive editorial 
changes to the text and adjusted it to journal style; he has added the references to more recent phylogenetic 
work and is responsible for ensuring that nomenclature and typification accords with the International Code 
of Nomenclature (Turland et al 2018). 

The classification of Blechnaceae followed here is the more traditional, inclusive view favoured by the senior 
author. In the past few years, there have been a number of papers on the family resulting from DNA-based 
phylogenetic work (Perrie et al. 2014; Gasper et al 2016; Pteridophyte Phylogeny Group [PPG] 2016; Gasper 
et al 2017; Dittrich et n/. 2017). These papers reach one of two major conclusions regarding the classification 
of the genus and family. Perrie et al (2014) favour a view of Blechnum that accepts some generic segregates 
but is enlarged to include Doodia; their analysis places members of sect. Pilosa as strongly supported subclade 
in the ‘Occidentale’ clade , which includes the type of Blechnum, B. occidentale. The classification of Gasper 
et al (2016) recognises multiple genera and, under this scheme, the species considered here would fall into the 

segregate genus Cranfillia. 

Taxonomy 

Blechnum Section Pilosa T.C.Chambers, sect. nov. 

Diagnosis: All members of this section possess characteristic straight, uniseriate, colourless to buff-coloured 
hairs that are 2-7(-10) mm long, and normally consist of 5 to 7 cells tapering evenly from a slender base 

(less than 1 mm diameter) to a finer but rounded apex and varying from abundant to sparsely distributed on 
various parts of the sterile and fertile fronds. 

Type: B. pilosum (Brack.) Brownlie 

Rhizomes usually creeping and producing a small erect caudex (sometimes several) rarely more than 20 cm 
in height and 1.0-3.5 cm diameter and clothed by the bases of old stipes and densely clothed at the apex of 
the caudex with linear, acuminate to attenuate, entire, mahogany red-brown scales which in dried specimens 
are often spirally twisted at their apices; caudex scales and those at the base of stipes are entire and, in most 
species, concolorous; scales shed from the stipe above the basal region frequently leave a raised brown scar on 
an otherwise glabrous, shiny and usually stramineous surface; basal stipe scales are in some taxa intermingled 
with the typical hairs arising from the stipe surface. The caudex of most taxa supports a crown of relatively few 
(4-7) sterile fronds, and seasonally fewer lomarioid fertile fronds. The caudex may in some taxa give rise to 
one or more slender creeping rhizomes. Sterile laminae are variable in size from 15 cm or less long, and 5 cm 
or less wide at the base to 100 cm long and 30 cm or more, wide, and with one exception are either broadly 
deltoid to narrowly triangular or lanceolate, but in some taxa may tend to be ovate-lanceolate and, in one 

taxon, distinctly deltoid. The dissection of the lamina varies from pinnatifid to pinnatisect, and the texture 
from chartaceous to coriaceous, with the colour in living specimens varying from dull to bright mid-green, 
but more usually yellow-green to bronze on the adaxial surface. Sterile segments are usually fully adnate except 
for the basal pair (or several pairs on large fronds) which tends to be basiscopically free, distinctly falcate 
and often markedly deflexed. In contrast the terminal segment is often pinnatifidly lobed at its base. Fertile 
fronds in most of the taxa have longer stipes than those of the sterile frond. Fertile laminae vary from having 
approximately the same dimensions as sterile fronds to being significantly longer, but in most species they are 
distinctly narrower than the sterile fronds. Fertile segments are slender, linear, often contiguous and adnate, the 
sorus tending to spread at the rhachis acroscopically and/or basiscopically. In several species these basal fertile 
segment pair(s) are more distinctly falcate and sometimes spaced; hairs variable in distribution on the fertile 
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lamina. Indusium varies from red-brown to dark-brown and papery, entire to lacerate and sometimes fringed 
with the characteristic hairs. Spores bilateral, generally of the order of 34-40 x 25-30 pm and, when viewed by 
SEM, have a perine that is scabrate to rugulate, enclosing a smooth to finely granulate exine. 

Note: In some taxa the hairs are few and localised and may only be found by careful examination, even on 
well preserved herbarium specimens. On mature fronds of Australian specimens of Blechnum deltoides, for 
example, they are usually only found towards or at the base of the stipe. These hairs have in many previous 
publications either been omitted from descriptions or overlooked. 

Chromosome numbers: chromosome counts for taxa in this group are few and are cited where available. The 
difficulties in cultivating mature specimens in sect. Pilosa have meant that it has not been possible to acquire 
suitable root tip material for cytological studies. 

Key to species of Blechnum sect. Pilosa 

1. Sterile fronds simple or pinnatifid.6.B. nukuhivense 

1: Sterile fronds pinnatisect to pinnate.2 

2. Sterile fronds on mature plants usually >70 cm long, sometimes exceeding 100 cm.3 

2: Sterile fronds shorter, 8-70(-75) cm long.4 

3. Rhizome short, erect; fronds often pendulous; sterile laminae with main veins of 
pinnae sparsely pilose to almost completely glabrous on the abaxial face 
[Samoa & Cook Islands].8. R. glabrescens 

3: Rhizome forming a slender, erect caudex up to 60 cm tall; sterile laminae with main 
veins of pinnae distinctly pilose on the abaxial face [Papua New Guinea (Bougainville) & 
Solomon Islands].10. B. megavulcanicum 

4. Sterile fronds quite short, <10 cm long [West Papua] .13. B. humile 

4: Sterile fronds 10-70(-75) cm long .5 

5. Scales extending well above the base of the stipe, deciduous but leaving dark spots or 
small tubercles.6 

5: Scales not extending above the base of the stipe.10 

6. Scales covering the entire length of the stipe; scales dense, at least 1 mm wide; 
caudex relatively massive, c. 8 cm wide.12. B. venosum 

6: Scales on stipe 0.1-0.5 mm wide, mostly restricted to the lower part; caudex, 
where present, more slender, to 3.5 cm wide.7 

7. Sterile lamina very broadly deltoid, >35 cm wide at base; approaching an equilateral 
triangle in outline [Fiji, Samoa, Vanuatu, Rarotonga, Tubuai] .2. B. aequabile 

7: Sterile lamina narrowly triangular, up to 20 cm wide at base .8 

8. Sterile fronds with segments usually pilose on both surfaces; adaxial surface in living 
material often bronze (drying to a dull fawn), mostly shortly adnate and acute at the 
apex and somewhat coriaceous in texture [Malesia] .1. B. vulcanicum 

8: Sterile fronds not as above; segments usually pilose only on the abaxial surface 
[Australasia, Pacific].9 

9. Sterile lamina typically <15 cm wide at base [New Zealand, Tasmania, Victoria].3. B. deltoides 

9: Sterile lamina typically >15 cm wide at base [New Caledonia, Vanuatu, Tonga] .9. B. hirsutum 

10. Sterile segments/pinnae 10 or more pairs 10-12 cm long, 1.0-1.2 cm wide, 
almost all spaced, sometimes up to 3 cm apart towards the base of the lamina and 
up to 1 cm apart towards the apex (the lowermost 3 pairs sometimes shortly stalked) 
[Fiji, Vanuatu] .11. B. phanerophlebium 

10: Sterile segments/pinnae closely inserted, not spaced, adnate except for the basal 
2-3 pairs that are basiscopically free 11 
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11. Sterile lamina at least 35 cm long; stipes bearing [numerous] very short hairs 
to c. 0.2 mm long [Fiji, Rarotonga, Samoa] .7. B. pilosum 

11: Sterile lamina to 20 cm long [Marquesas] .12 

12. Stipe of sterile frond equal to or longer than the lamina; basal stipe scales c. 10 mm long, 
1 mm wide; spores c. 67 x 56 pm .5.B. tovii 

12: Stipe of sterile frond shorter than the lamina; basal scales c. 8 mm long, 1.2 mm wide, 
tending to be bicolorous; spores c. 46 x 36 pm .4. B.feani 

1. Blechnum vulcanicum (Blume) Kuhn, Ann. Mus. Bot. Lugduno-Batavi 4: 284 (1869) 

Basionym: Lomaria vulcanica Blume, Enum. Pi. Javae, 202 (1828) 

Type citation: ‘Crescit ad rupes crateri montis Cede proximas 

Type: Muur over de holte aan Goenoeng Batoe,’ Blume s.n. (lectotype, designated by Chambers & Farrant 
(2001: 340): L), see note below. 

Spicanta vulcanica (Blume) Kuntze, Revis. Gen. Pi. 1: 822 (1891) 

Cranfillia vulcanica (Blume) Gasper ScY.A.O.Dittrich,Phytotaxa 275(3): 208 (2016) 

=Lomaria villosa Bee, Mem. Foug., 5: 68 (1852) 

Type: Habitat in Java, T. Lobb 266 (holotype: RB 144552; isotypes: BM 000801654, BM 000801655; LE 00008453) 

Published illustration: Chambers & Farrant (2001, 2012) fig. 17 [a-e: NSW 408728; f: CANB 469535; and 
g: NSW 408720]) 

Rhizome creeping and forming an erect caudex 20 cm or more in height with rhizome scales mid to dark red- 
brown and sometimes tending to be somewhat bicolorous. Sterile fronds 20-40(-70) cm long and 7-20 cm 
wide towards the lamina base with stipes often about half the length of the frond, green-brown to bronze 
on adaxial surface in living material drying to a dull fawn, slender and pilose, the hairs usually dense and 
persistent over most of the frond; scales at base of stipe linear, slender, acuminate, entire, concolorous dark 
red-brown, shiny, 10-25 mm long, 1-3 mm wide and persistent; deciduous scales on the remainder of the stipe 
leave a raised dark scar on the otherwise pale smooth stramineous surface. Sterile lamina linear-triangular, 
pinnatisect to pinnate, 6-30 or more pairs of adnate segments, the basal pair(s) deflexed, semi-adnate, free on 
their basiscopic margin; rhachis and costae stramineous to brown, densely and persistently pilose, the shiny 
white to fawn hairs are linear, 2-5(-10) mm long; sterile segments coriaceous, oblong, obtuse (in smaller 
fronds), to narrowly triangular and acuminate, (in larger fronds), slightly falcate, 4.0-8.0 cm long, 0.7-1.5 cm 
wide, adnate, margins thickened and crenate, veins once furcate near the costa and densely pilose. Fertile 
fronds with longer stipes usually pilose; fertile lamina variable in size, often smaller; fertile segments slender, 
linear 0.4-0.6 cm wide, often at least 1/3 longer than the sterile, and spaced and slightly dilated at the rhachis 
especially towards the lamina base, contiguous towards the apex; in large fronds the basal segment pairs have 
a linear triangular sterile area at the junction with the rhachis; indusium entire to erose and usually either with 

marginal hairs or multicellular outgrowths. Spores 42.5 x 32.7 pm; perine scabrous to rugulose; exine smooth 
to granulose or microverrucose (Chambers Sc Farrant 2001,2012, fig. Ih). 

Distribution and habitat: Blechnum vulcanicum as defined here, based on the type from Java, is found in cool, 
moist partly shaded habitats in forest and sometimes in more exposed grasslands and is widespread (but rarely 
abundant) through much of Malesia including at least in the northern Philippines, but it is apparently absent 
from Peninsula Malaya. It also occurs in Papua New Guinea. 

Selected specimens examined: INDONESIA: Java: W. Java, Tjibodas, 1430 m, T.G. Walker T12763, T12784 
& T12779 (BM 00080I660-BM 000801662); Mt Cede, Walker 11229 (BM 000801663); N. side of Gede- 
Pangrango massif, 2500-3000 m,Jermy 7101 (BM 000801664); [without specific locality] Zollinger 3397 (LE 
00008454). Sumatra: G. Sulggalan, C.G. Matthew s.n. (K); Kandang Badag, Raciborski s.n. (K, L, NSW 367498, 
NSW 416862). Sulawesi (Celebes): Bonthain, Boeakang, Teysmann 13732 (K, L 3516900). PAPUA NEW 

GUINEA, New Ireland: Ridge E of Weitin River, 12 km WNW of Taron, Croft 294,24 Oct 1975 (NSW 408728, 
NSW 408726). Northern Province: W slopes of Mt Kenive, Croft FAE65211, 2 Aug 1974 (CANB 469535). 

PHILIPPINES: Luzon: Mt Banahaw, 2100 m, M.G. Price 2150 (NSW 408720-408721, including juveniles). 

Typification: Chambers and Farrant (2001: 343) say that “the holotype was not found”. By this they meant that 
a single sheet collected from Mt Cede had not been located. Their lectotype was chosen from original material 
from Gunung Batu, which is only about 10 km NNE of Mt Cede. On the Leiden database, there are three 
sheets listed from this site: barcodes L 0051113, L 0051114, and L 0051115, which are labelled ‘type’, ‘holotype’. 
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and ‘type’ respectively. None of these sheets has been imaged and, because of the upcoming move of their 
herbarium, the collections are now not physically accessible for checking (Roxali Bijmoer, pcrs. comm. 2018). 
However, the senior author’s notes suggest that the sheet with barcode L 0051115 is the lectotype, chosen 
because “it appears to be the only authentic material with a fertile frond”. 

Notes: 1. The species was named from the type locality on the slopes of a volcano in Java, but it is not restricted 
to such habitats. 

2. As noted above, the name Blechnum vulcanicum has been variously applied incorrectly to a number of 
geographically isolated, morphologically distinct populations and is here applied only to Malesian material. 

3. The Malesian material still shows some variation but is here treated as a single taxon. The sterile fronds are 
densely and persistently pilose usually on both adaxial and abaxial lamina surfaces, with pale brown or fawn 
hairs also present on the rhachis, costae and veins. Some populations lack the hairs at the base of the stipe 
towards the zone of persistent scales. 

4. There is a wide range of frond size through the Malesian region. Generally, plants with larger sterile fronds 
tend to have segments with acuminate apices while those with smaller fronds tend to be obtuse, and large 
sterile fronds may have more than two pairs of basal segments strongly deflexed and not fully adnate to the 
rhachis. There is considerable variation between populations in the distribution and density of the hairs on the 
fertile segments. Frequently the basal fertile segments have a small sterile photo synthetic area at the junction 
with the rhachis. 

5. It should be noted that plants occasionally give rise, from the apex of the caudex, to one or more slender 
creeping stoloniferous rhizomes 0.2-0.3 cm in diameter that are sparsely clothed with short slender linear- 
triangular, acuminate, entire reddish-brown scales. 

6. Copeland (1960) reports that the Philippine specimen that he had examined (from Mt Canlaon on the island 
of Negros) was glabrous, but all Philippine specimens examined by the senior author are markedly pubescent. 

2. Blechnum aequabile T.C.Chambers, sp.nov. 

Diagnosis: Both sterile and fertile fronds linear-triangular in outline; sterile fronds with segments tending to 
be chartaceous, slightly bronzed on the adaxial surface and with 6-12(-25) pairs of segments; fertile lamina 
somewhat similar in outline but sometimes more slender; the characteristic hairs usually abundant on most 
surfaces. 

Type: Fiji: Vanua Levu: Mt Delaikoro, 1000 m, Apr 1962, R.G. Robbins s.n. (holotype: NSW 383759) 

Lomaria pilosa Brack, auct, pro parte, U.S. Expl Exped. 16:125-6 (1854). 

Blechnum vulcanicum var rapense E.D.Br., Bull Bernice R Bishop Mus. 89: 72 (1931) 

Type: Rapa, Feb 1922, E.H. QuayleXX (holotype: BISH 1000234) 

Blechnum vulcanicum auct. non (Blume) Kuhn, Brown and Brown (1931: 69); see also Copeland (1932:46) 

Rhizome an erect or sub-erect caudex up to at least 35 cm in length (but usually much shorter) and 2.5 cm 
diameter covered with the bases of old stipes and persistent scales which are dark brown to red-brown, linear, 
entire, acuminate 10-15(-20) mm long and 1.0-2.0 mm wide. Sterile fronds with stipes 30 cm or more long, 
stramineous to brown sometimes glabrous but more frequently pilose and with scales similar to those on 
the rhizome persistent at the base and deciduous above the base leaving brown slightly raised scars. Sterile 
lamina very broadly triangular in outline an almost equilateral triangle up to at least 45 cm long, and 38 cm 
or more wide at the base, pinnatisect below and pinnatifid near apex; sterile segments chartaceous, linear 
oblong, variable in width from 0.8 cm to 2.0 cm, acuminate and sometimes attenuate, the basal pair deflexed 
and free on the basiscopic margin and nearly always strongly falcate 6-12(-25) pairs, mid-green, pilose to 
almost glabrous on the adaxial surface, entire, and most with the margins pilose, the basal pair often slightly 
shorter and strongly falcate; rhachis brown, pilose (densely on the abaxial surface). Eertile lamina similarly 
broadly triangular, but usually slightly smaller;/crh/e segments slender, linear ±2.5 mm wide, adnate, spaced 
on the rhachis and spreading at the region of attachment epecially near the lamina base; hairs variable in their 
distribution; indusium brown, usually entire at maturity but some specimens slightly erose. Figure 1. 

Distribution and habitat: As defined here Blechnum aequabile extends from the Marquesas south to the Cook 
Islands and west to Fiji and Vanuatu. Plants of similar form occur on Rapa I. in the Tubuai group, the extreme 
south eastern limit of the Society Islands. It is possible that this species also occurs on other Pacific islands but 
none of the specimens examined shows enough detail to be included in this taxon. 
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Fig. 1. Blechnum aequabile T.C.Chambers, from holotype (NSW 383759). a, habit, showing sterile and fertile fronds; 

b, basal scale; c, characteristic hairs; d, detail of sterile pinnae. Scale bar: a =12 cm; b = 0.4 cm; c = 0.15 cm; d = 2 cm. 

Illustration: L. Elkan. 

Specimens examined: FIJI: Ovalau: Milne 337, 337a (K 00072I92I); Vanua Levu: Crest of Korotini Range, 
between Navitho Pass & Mt Ndelaikoro, 650-900 m, A.C. Smith 529 (BM 000801688, K 000721920). SAMOA: 
Upolu, Mt Tofua, Graeffe 1039 (K 000672929); Upolu, E. Betche 111 {K 000672933); s.loc.. Mar 1878, Whitmee 
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s.n. (K 000672930-K 000672932). VANUATU: Aneityum: s.loc., Gunn & Natives s.n. [fertile frond] (NSW 
383824). Tanna: Laminaoura, Bernardi 12918 (K 000754253, K 000754254). Espiritu Santo: West ridge above 
Navaka River, Chambers s. n. (BM); Mt Tabwemasana, N.E. slopes, Braithwaite (K); ‘New Hebrides’ (fertile 
frond). May 1903, W.T. Quaife s.n. (NSW 395328). COOK ISLANDS: Rarotonga: Maungaroa summit 1650 ft 
(503 m), 1899 Expedition, Cheeseman s. n. (AK 1139791, -95, -97); Summits of mountains, Cheeseman 752 
(K); Raemaru 350 m, W. Sykes 2585 (CHR); Te Kou, W.R. Philipson 10435 (L). TUBUAI ISLAND: Rapa Iti: 
Mitiperu, Maungaeae ridge, forest edge, Fosberg 11576 (BISH 98712, BISH 98713). 

Note: B. vulcanicum var. rapense was described by E.D. Brown as being similar to, but larger than, her var./eani 
[=B.feani]. 

3. Blechnum deltoides (Colenso) T.C.Chambers, comb.nov. 

Basionym: Lomaria deltoides Colenso, Tasmanian J. Nat. Sci. 1: 376 (1843) 

Type citation: Tn woods in Te Waiiti District, nearly same locality as preceding. January, 1842.’ 

Type: New Zealand: North Island: Shaded woods, Te Waiiti, Interior, Dec 1841, Colenso s.n. (holotype: WELT, 
barcode P003239; isotypes: [New Zealand, Colenso 290] K 001092698) 

=Lomaria deflexa Colenso, Tasmanian J. Nat. Sci. 2: 178 (1845) non Lomaria deflexa Baker, /. Bot. 26: 226 
(1888) nom. illeg. {=Blechnum deflexum Diels). 

Type citation: ‘Dry clayey banks, sides of rivers, country between Turanga and the River Wairoa, E. Coast, Dec. 
1841.’ 

Type: New Zealand: North Island: clayey banks, country between Poverty Bay and the River Wairoa, Dec 1841, 
Colenso s.n. (holotype: WELT barcode P003238 [in Herb Colenso]; isotype: [New Zealand, Colenso 268 (on 
same sheet as Lomaria deltoides)] K 001092697). 

=Lomaria paucijuga Colenso, Trans. & Proc. New Zealand Inst. 20: 222 (1888) 

Type citation: ‘Sides of Mount Tongariro, County of East Taupo; 1887: Messrs. Owen & Hill’ 

Type: Tongariro, H. Hill s.n. (holotype: WELT, barcode P003332 ex Herb. Colenso; isotype: K 001092696). See 
Brownsey (1979: 288-289) for a summary of the Colenso types at WELT. 

Lomaria vulcanica auct. non Blume, Dobbie (1921:184-185) 

Blechnum vulcanicum auctt. non (Blume) Kuhn, [New Zealand] e.g. Cheeseman, (1925); Crookes and Dobbie 
(1963: 278); Allan (1961: 84); Brownsey and Smith-Dodsworth (1989:149); [Australia] e.g. Garrett (1996: 57); 
Jones and Clemesha (1981: 102, fig. 99); Duncan and Isaac (1986: 215); Chambers and Farrant (1998: 381, 
fig. 125D). 

Published illustrations (all as Blechnum vulcanicum): [New Zealand Brownsey and Smith-Dodsworth (1989) 
fig. 190 &pl. 34F]; [Australia] Jones and Clemesha (1981:102,fig. 99); Chambers and Farrant (1998: fig. 125D); 
Duncan and Isaac (1986: fig. 20.16; plate 8, figs. 2-3); Garrett (1996: photos 29, 30 - illustrating the effect of 
growing in full sun). 

Rhizome short creeping to semi-erect forming a small, short caudex. Sterile fronds variable in size, usually 
10-50(-68) cm long, forming a spreading crown, often pendulous, with characteristic hairs always present 
but variously distributed, sometimes deciduous but often persistent on abaxial surfaces; stipes 10-36 cm long, 
varying from about half to about equal the length of the lamina (very rarely slightly longer), pale brown; 
scales dark reddish brown, deciduous from the lower part of the stipe leaving dark spots or small tubercles but 
persistent at the base and intermingled with the characteristic, persistent straight white hairs. Sterile lamina 
mid-green to yellow-green, 8-30(-40) cm long, 4-10(-15) cm wide, narrowly oblong-deltoid, but may be 
elliptic when basal segments are slightly shorter; sterile segments adnate, sometimes falcate, obtuse in smaller 
fronds otherwise acute to acuminate, basal pair of segments markedly falcate, often deflexed and basiscopically 
free. Fertile frond with a relatively longer stipe; fertile segments 3.0-4.5 cm long, 2.0-3.5 mm wide, linear 
with a slightly dilated adnate junction with the rhachis, increasingly spaced towards the lamina base and the 
basal pair strongly deflexed and falcate; indusium dark red-brown, lacerate and sometimes fringed with the 
characteristic hairs. Spores 29 (24-33) x 41 (36-47) pm; perine smooth (under light microscope) but scabrate 
to rugulate under SEM with the envelope slightly larger than the exine which is smooth to granulate (Large & 
Braggins 1991). 

Chromosome number: [New Zealand] n=34 (Brownlie 1954:666, under the name B. vulcanicum); [Australia] 
n=33 (Quinn 1961: 5, under the name B. vulcanicum - vouchers from Hellyer Gorge and Collinsvale). 
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Distribution and habitat: New Zealand to south-eastern Australia, in a range of habitats from lowland to 
montane forests on the three main islands. In the North Island occurs at low altitudes from the Bay of Islands 
in the North southwards becoming more frequent on forest margins and in montane forest habitats and often 
to be found colonising damp earth-banks in roadside cuttings. In the South Island present in suitable habitats 
from sea-level to montane forest and mountain shrub/grassland; at its southern limit on Stewart Island it 
is present at lower altitudes. In Tasmania, it occurs frequently in lowland to mountainous areas, especially 
in western and south-western districts, and is found in cool humid habitats, often on moist cliffs and near 
waterfalls. On mainland Australia, it is confined to the Snowy Range in Eastern Victoria where it is extremely 
rare and localised. 

Selected specimens: NEW ZEALAND: North Island: Coromandel Peninsula, on Kaitarakihi Track, 1971, 
Parris 01484 (NSW 367511); Taurewa (west of Mt Tongariro), Chinnock s.n. (NSW 367506); Rotorua, pumice 

lands, 10 Mar 1932, Reid s.n. (NSW 367501); Kakahi, Upper Wanganui River, G. Smith s.n. (NSW 367503 ex 
herb. Cheeseman). South Island: Tennyson Inlet, Marlborough Sounds, Hynes s.n. (AK 120392); Marlborough, 

Wakamarina riverbed, 6 Nov 1991, Douglass, Banks & Glasson 34/91 (NSW 653045, ex CHR 474115); Otira 
Gorge, Tindale s.n. (NSW 367502); Upper Maitai Valley, Nelson, Chambers 255 (AK 166941); Plantation Drive, 
Dunedin, Chambers 191 (AK 166956); Summit Haast, 11 Eeb 1983, Tindale 7036 & Sykes (NSW 367509). 
Stewart Island: s.loc., 29 Mar 1954, Mrs Willa 364 (AK 166949); Mill Bay, Halfmoon Bay, Hynes s.n. (AK); 
Ringa Ringa, Lysaght 76 (BM - See note 5 below). AUSTRALIA: Tasmania: Gordon River, Jan 1937, C.L. Davis 
& ETC. Davis s.n. (NSW 363613); Eranklin River, 7 Eeb 1845, R.C. Cunn 1522 (NSW). Victoria: Bryce Gorge, 
5 Jan 1981, N.C. Walsh 2484 (MEL 1581085, NSW 363615); Bryce Gorge, Snowy Range, 17 Apr 1986, N.C. 
Walsh 1596 (MEL 1549457, NSW 363614). 

Typification: 1. The date of Colensos publication of the name Lomaria deltoides was 3 February 1843 (Plomley 
1969). The type bears a different date from that given in the protologue but the date on the specimen is incorrect. 
The synopsis of Colensos travels (St George 2009) shows that he did not reach Te Waiiti [now Te Whaiti] until 
January 4,1842 but it also shows that he would have collected the type of L. deflexa in the latter half of December 
1841. The documentation presented by St George (2009: 163) indicates unquestionably that the specimens of 
both taxa sent by Colenso to Hooker were part of the same gathering as those in WELT. Colensos shipment to 
Kew was sent via Sydney, from where it did not depart until April 1843 (St George 2009:178), well after the date 
of publication of the name. The duplicates at K are numbered according to Colensos list and are now mounted 
on a single sheet that comprises one sterile and three fertile fronds. Under these circumstances, it is reasonable to 
consider the types at WELT to be holotypes and the subsets at Kew to be isotypes. 

2. The much later synonym, Lomaria paucijuga Colenso, is at the smaller end of the size range with 5 or 6 pairs 
of obtuse segments, typical of populations in comparable habitats. The holotype at WELT is a poor specimen, 
consisting of two detached fronds. The main part of this collection was apparently sent to Kew in May of 1890, 
making it an isotype. The Kew specimen consists of four fronds attached to part of the rhizome and shows two 
severed stipes where the fronds at WELT were presumably detached. Colensos annotation “%rds of my spns” 
supports the view that this isotype is the greater part of the type collection, despite the lack of mention of Hill 
as collector. 

Notes: 1. Blechnum deltoides is a variable taxon and much of this variation is to be seen in Colensos types which 
almost certainly represent morphological variations in response to extreme ecological conditions. Colensos 
earliest description of Lomaria deltoides covers much of the variation described in more detail in his later 
publications; Colensos Lomaria deflexa is at the larger end of the range with 22 pairs of acuminate segments 
ciliated on the margins. The type of Lomaria deltoides Colenso is from a smaller plant that lacks hairs on the 
segment margins. 

2. Most of the New Zealand material tends to have segments that are often pilose and have distinctive pale 
brown, entire scales with the segment margins slightly thickened; the hairs tend to be shed as fronds mature 
and the hairs even on the abaxial surface of the sterile segments are often mostly lost. Some of these individuals 
have stipes where the degree of hairiness approach that of the New Caledonian Blechnum hirsutum Rosenst., 
a species with much larger fronds. 

3. In several populations from the western side of the South Island, as well as in all south-eastern Australian 
populations, the hairs on mature fronds are confined to the region of the basal stipe scales. The Australian 
plants also tend to have longer laminae than their New Zealand counterparts, and have segments that are more 
consistently acuminate, these minor variations suggesting quite recent differentiation of populations across 
the Tasman. 
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4. The two vouchers of 'Blechnum vulcanicum that were sampled by Perrie et al (2014) have not been 
examined but the localities of the specimens Perrie 3461 & Shepherd from North Island, New Zealand and 
R.K. Wilson 73 from Bryce Gorge in Victoria, indicate that they are undoubtedly representatives of this species. 
The phylogenetic analysis of Perrie et al (2014) shows very little molecular divergence between these samples, 
further emphasizing the close relationship of the populations. 

5. The New Zealand specimen from Ringa Ringa, A.M. Lysaght 76 (BM), along with several other specimens, 
were annotated in 1956 by the late A.H.G. Alston as 'Blechnum (Lomaria) deltoides’ suggesting that he had 
come to the same taxonomic opinion as presented in the present revision. 

4. Blechnum feani (E.D.Br.) T.C.Chambers, comb, et stat. nov. 

Basionym: Blechnum vulcanicum var. feani E.D.Br., Bull Bernice R Bishop Mus. 89: 72, fig. 14A a, b (1931) 

Type citation: ‘Marquesas, Hivaoa, Feani, altitude 700 meters, December, 1921, Brown no. 1086’ 

Type: Marquesas: Hiva Oa, Feani, 800 m, Dec 1921, F.B.H. & E.D.W. Brown 1086 (lectotype here designated: 
BISH 98739, barcode BISH 1000233; probable isolectotypes: Hivaoa, 800 m, Dec 1921, F.B.H. & E.D.W. Brown 
1086 (BISH 496105-6, n.v). 

Published illustration: Brown and Brown (1931: fig. 14A) 

Scales on caudex and at base of the stipes 8 mm long and 1.2 mm wide, membranous but denser and darker- 
brown along their mid-region. Sterile fronds with stipes shorter than the lamina, to c. 8 cm long; sterile lamina 

ovate, 13-18 cm long and up to c. 9.5 cm wide; sterile segments 8-11, acute to acuminate; the basal pair semi- 
adnate and deflexed; hairs present on rhachis, costae and on the abaxial surface of the segments, especially on 
the veins and margins. Fertile fronds shorter than the sterile fronds; fertile lamina at least half the width of the 
sterile lamina and with stipe c. 1 cm long and pilose. Spores c. 46 x 36 pm (Brown and Brown 1931: 72). 

Distribution: From the limited information available, the species is endemic to the island of Hiva Oa in the 
Marquesas Group in French Polynesia. 

Etymology: The name is taken from Mt. Feani, one of two major peaks on Hiva Oa. The epithet is, therefore, 
indeclinable. 

Notes: 1. Brown and Brown (1931) report that this taxon resembles the New Zealand taxon B. deltoides but in 
B. feani the scales at the base of the stipe are shorter and have opaque cells along their mid-region. 

2. The only specimens examined are those listed as types. A single sheet of Brown & Brown 1086 is here chosen 
as lectotype. Three of the elements on this sheet have small tags with the hand-written text T086 TYPE van 
feani’; the remaining collections bearing the number T086’ have not been seen and could not be assessed as 
definite isolectotypes. The paratypes, both from Hiva Oa, are: northeast slopes Mt. Timetiu, 700 m, 23 Feb 

1929, Mumford & Adamson 41 (BISH, n.v), and Teavaimatii, 800 m, 6 May 1929, Mumford & Adamson 354 
[juvenile forms] (BISH, n.v). 

5. Blechnum tovii (E.D.Br.) T.C.Chambers, comb, et stat. nov. 

Basionym: Blechnum vulcanicum van tovii E.D.Br., Bull Bernice P. Bishop Mus. 89: 72,14B a, b (1931) 

Type citation: ‘Marquesas, Nukuhiva, Tovii, altitude 1000 meters, July [sic], 1921, Brown no. 504 A. Type.’ 

Type: Marquesas, Nuku Hiva, Tovii 1000 m, 15 January 1921, F.B.H. Brown & Elizabeth D.W. Brown, 504A 
(holotype: BISH, barcode BISH 1021170) 

Local name: on the Marquesan island of Nuku Hiva this plant is referred to by its local name au makamaka. 

Published illustration: Brown and Brown (1931: 71) fig. 14B a,b 

Rhizome forming a semi-erect, short caudex to c. 12 cm long; scales on caudex and at base of stipe both 
concolorous and bicolorous, c. 10 mm long, 1 mm wide, composed of thin walled cells throughout. Sterile 
fronds with stipes 15-30 cm long, more persistently pilose towards the base; sterile lamina 13-21 cm long, 
3.5-8 cm wide, deltoid to slightly ovate, pinnatifid to pinnatisect; sterile segments adnate, obtuse to slightly 
acuminate, rhachis and veins pilose on abaxial surface, basal pair of segments basiscopically free. Fertile frond 
shorter than the sterile frond; stipes 9-13 cm long, lamina 8-10 cm long and 4.5-5 cm wide; fertile segments 
2-3 cm long, 0.4-0.5 mm wide, linear and falcate, dilated at the adnate junction with the rhachis. Spores c. 67 
X 56 pm (Brown and Brown 1931: 72). 

Distribution: From the limited information available, this species is endemic to the Marquesan island of Nuku Hiva. 
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Specimens examined: MARQUESAS: ile Nuku Hiva; Toovii, NW de la Haute, Taipivai [8° 51' S, 140® 08' W], 
870 m, 10 Mar 1986,/. Florence 7503 (P); Piste de Hanamenu, 29 Jul 1988, / Florence et al 9622 (US). 

Etymology: The epithet is indeclinable as it is taken from the name of a central plateau of Nuku Hiva with an 
average altitude of 800 m. The area is currently known as the Toovii Plateau, but the original spelling of the 
epithet should not be changed. 

Notes: 1. Brown & Brown (1931) report that this taxon is confined to the island of Nuku Hiva and consistently 
different to, and geographically isolated from, what is here recognised as B. feani. It is distinguished from the 
latter by the long stipes, the mixture of concolorus and bicolorous basal stipe scales and the relatively slender 
fertile lamina, and also has much larger spores. 

2. Specimen details of Browns paratypes are as follows: FB.H. & E.D.W. Brown 504B, 504C, & 504D (BISH, 
barcodes BISH 1021150, BISH 1021149 & BISH 102115I respectively). Note that all original material was 
collected by the Browns on 15 January 1951, so the published date of July 1951 is an error. 

3. Wagner and Lorence (1997) made critical comments on the quality of E Browns taxonomic work. However, 
in the present paper, the two Marquesan varieties in Brown 8c Brown (1931) are provisionally raised to species 
rank in view of the clear statement that all the specimens of B. vulcanicum van tovii collected on Nuku Hiva 
“are quite distinct from the specimens [of B. vulcanicum yar. feani] collected on Hivaoa” (Brown and Brown 
1931:72). 

4. Unfortunately, when the senior author visited the Marquesas he was unable to land at Nuku Hiva. 

6. Blechnum nukuhivense E.D.Bn, Bull. Bernice R Bishop Mus. 89: 69, figs 13a-h (1931) 

Type citation: ‘Marquesas, Nuku Hiva, Tovii, 1000 meters, July, 1921 Brown no. 529 A and B’. 

Type: Marquesas: Nuku Hiva: E.D. Brown 529A (lectotype here designated: BISH 496201) 

Published illustration: Brown and Brown (1931: fig. 13a-h) 

Rhizome erect or semi-erect up to at least 10 cm long and 1.5 cm diameter, the apex densely scaly, the scales 
slender, linear, acuminate, up to 7 mm long, 0.5-0.6 mm wide, entire, dark brown. Sterile fronds with stipes 
25 or more cm long, slender, 1 mm diameter, pubescent but becoming glabrous on older fronds and with 
scales similar to those persisting at the base of the rhizome; sterile lamina to 35-i- cm long, 2.5-8.0 cm wide, 
coriaceous, and usually nearly glabrous adaxially and pilose on the abaxial face; blade variable in outline from 
entire, lanceolate, oblong-lanceolate and hastate at the base to coarsely and somewhat irregularly pinnatifid 
and with margins cartilaginous and often pilose, the apex acute to acuminate; in outline varying from 
lanceolate to somewhat irregular; usually nearly glabrous adaxially and pilose on the abaxial face. Fertile fronds 
the same length as the sterile or shorter;/erh/e lamina slender, linear ±5 mm wide often with two short fertile 
lobes at the base 1-2 cm long; if pinnate, these lobes short, distant and both acroscopically and basiscopically 
extending at the rhachis; indusium brown and entire at maturity. Spores (Brown and Brown 1931): 60 (48-72) x 
49 (40-52) pm including an alate ridge ±4 pm, surface smooth; (present study, from Quayle 1299B, paratype): 
average of 10 spores 51 (44-56) x 37 (33-42) pm, with the perispore relatively thick and sometimes wrinkled 
but otherwise similar to those of Blechnum vulcanicum s.str. 

Distribution: Endemic to the island of Nuku Hiva in the Marquesas in French Polynesia. 

Specimens studied: Marquesas: Nuku Hiva: Toovii; Ooumu area; top of Tapueahu Valley, 20-22 Sep 1995, 
Wood 4566 (BISH n.v, US); Tovii?, 800-1000 m, Oct 1922, Quayle 1299B (BISH, BM [barcode BM000801683]). 

Typification: Brown and Brown (1931) cite both their numbers 529A and 529B as ‘Type’. The first of these 
at BISH has a small tag reading ‘529A 1st Type sheet’ confirming that they considered both sheets as type 
material. We here designate this sheet at BISH as lectotype. 

Notes: 1. According to Brown and Brown (1931), the local name for this taxon on Nuku Hiva is Pea moa huu 
referring to the shape of a bird’s tail. 

2. The only material seen, other than those mentioned in the protologue, is Wood 4566. The cited specimens 
vary: Brown 529B and Quayle 1299A have shallowly pinnatifidly-lobed sterile and more deeply pinnatifid 
fertile laminae with the sorus extending for the length of the rhachis, while Quayle 1299B has entire sterile 
laminae, sometimes with lobed bases, and fertile laminae with a single pair of narrow lobes arising at the 
lamina base. 

3. The variable outline of the sterile fronds, some with a few outgrowths and others with outgrowths along the 
margins and for the full length of the frond, makes this species distinct from other members of sect. Pilosa 
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and is unique in the genus. The lamina shape appears to be phenotypically variable, suggestive of underlying 
genetic variation, possibly indicating hybrid or mutant origin. 

7. Blechnum pilosum (Brack.) Brownlie, Pteridophyte Flora of Fiji 320 (1977) 

Basionym: Lomaria pilosa Brack, in Wilkes, U.S. Expl. Exped. 16:125-6 (1854) 

Type citation: Teejee Islands: in mountain forests; rare.’ 

Type: Fiji: Sandalwood Bay, Brackenridge 10 (holotype: US 00135468, image!) 

Cranfilliapilosa (Brack.) Gasper &V.A.O.Dittrich,P/?ytotava 275(3): 208 (2016) 

Published illustrations: Brackenridge (in Wilkes, U.S. Expl. Exped. Atlas crypt.) pi. 15 fig. 1 a-e (1855); 
Brownlie (1977) pi. 35, f. 2. 

Rhizome forming an erect caudex densely clothed with linear acuminate shiny dark brown scales up to 1.5 cm 
long and 0.2 cm wide at their bases. Sterile fronds with stipes 10-30 cm long, often shorter than the lamina, 
dark-brown at the base the remainder stramineous, and with persistent scales similar to those of the rhizome 
at the base; sterile lamina to c. 35 x 15 cm, linear-triangular, pinnatisect; segment pairs adnate except for the 
basal 1-3 pairs which are basiscopically free, slightly spaced on the rhachis and deflexed; sterile segments up to 
12 X 1.5 cm linear-oblong, obtuse or acuminate, the bases variable, widened basiscopically and acroscopically; 
margins entire to sinuate or irregularly serrulate; at least the abaxial face of the rhachis, costa and veins densely 
pilose; hairs relatively short, many less than 1 mm; veins mostly once furcate. Eertile lamina approximately 
similar in dimensions to the sterile lamina on any one plant but fertile segments usually shorter than the sterile, 
narrow, linear, adnate and often spaced on the rhachis; basal pair sometimes shortly stalked and sometimes 
with a short wider photo synthetic area; indusium brown and slightly erose. Spores 27 (25-29) x 40 (38-42) pm. 

Distribution and habitat: Previously regarded as endemic to the high islands of the Fijian archipelago growing 
in rainforest habitats from near sea-level to at least middle altitudes but there are similar plants also present in 
Samoa and on Rarotonga in the Cook Islands group. 

Specimens examined: FIJI: without location, Dec. 1904, Goddard s.n. (NSW 416861, NSW 395327); Walker 
36 (K 000721919); Viti Levu: Hills N of Suva, 185 m. Chambers (NSW 383847-8). SAMOA: without location. 
Rev. Powell (NSW 367496, NSW 416863). COOK ISLANDS: Rarotonga, Maungaroa summit area 530 m, Sykes 
2604 (CHR 399961, NSW 367510). 

Notes: 1. As defined here, Blechnum pilosum is morphologically the taxon most closely similar to the Malesian 
Blechnum vulcanicum. A more detailed study of the two species might indicate that they are very closely 
related and that the lowland Fijian taxon could perhaps be considered a subspecies, a view also mentioned as 
a possibility by Brownlie (1977). 

2. In an annotated list of the Pteridophyta of the Southern Cook Group, Brownlie (1971) concluded that this 
group of species needed monographic revision. 

3. In the present study, it is proposed that the plants in the morphological range of the type be referred to as 
Blechnum pilosum; those populations with a relatively short but very wide lamina which approach an isobilateral 
triangle in outline are referred to the new species, Blechnum aequabile. The small lowland plants reported from 
Fiji, which approach the morphology of the New Zealand Blechnum deltoides, could be interpreted as small 
specimens of B. pilosum, but confirmation of this interpretation requires more material and study in the field. 

4. There is a reference in Rosenstock {Repert. Spec. Nov. Regni Veg. 9: IS, 1910) to Nomaria pilosa Bak.’ as 
coming from Madagascar in discussion following the description of the New Caledonian species Blechnum 

hirsutum. This was almost certainly a typographic error for Lomaria pilosa Brack. 

8. Blechnum glabrescens T.C.Chambers & Sykes, El. Cook Islands 68, Plate 4 (2016) 

Type: COOK Is: Rarotonga: Turangi Valley, 15 Jul 1995, Sykes 1700/CI (holotype: CHR 282059A-C [3 sheets]) 

Cranfillia glabrescens (T.C.Chambers & Sykes) Gasper &: V.A.O.Dittrich, Phytotaxa 275(3): 208 (2016) 

=Blechnum vulcanicum var. giganteum Luerss.,D7. Graeff. 137 (1871),as gigantea. 

Type: Samoa: Savai [Savaii], Graeffe 254 (lectotype here designated: BM, barcode BM 001048317, ex Mus. 
Godeffroy Hamburgensis’). Residual syntypes: Samoa: Savaii, montane region, Graeffe 239 (?BM); Upolu, 
montane region, Mt. Tofua, Graeffe 344 (?BM). 
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A relatively large plant. Rhizome erect, forming a short caudex and with fronds usually pendulous. At maturity 
both the sterile and fertile fronds are almost glabrous, linear-oblong, narrowly triangular, mid-green and more 
chartaceous than cartilagineous, at times almost membranous; hairs white or very pale fawn, and mostly 
deciduous, but on mature fronds the remaining hairs are sometimes restricted to protected abaxial areas 
usually near the junction of the segments with the rhachis. Sterile fronds may exceed 1 m in length with the 
stramineous stipes about one third the frond length; sterile lamina deltoid, the base truncate and to ±30 cm wide; 
sterile segments adnate, entire, and contiguous towards the apex and increasingly spaced (on the basal 1/3 of 
the lamina of a large sterile frond segments are sometimes over 2 cm distant on the rhachis) and acroscopically 
lobed towards the base; on very large fronds up to 5 pairs of basal segments are free, deflexed and sessile or 
free on the basiscopic margin; on smaller fronds one or two basal pairs of segments may be adnate on their 
acropetal margins. Fertile fronds about the same length as the sterile but the fertile pinnae/segments are usually 
longer and set at a more acute angle to the rhachis; indusium dark-brown and entire. Spores 27 (25-27) x 38 
(36-40) pm with the perispore smooth and 3-4 pm thick. 

Distribution and habitat: Blechnum glabrescens is usually a relatively large plant. In Rarotonga it occurs in 
submontane and montane areas, extending from valley slopes to ridges and peaks. It is also found on Aneityum, 
the southernmost island of Vanuatu, and on Tutuila Is. in American Samoa, where it was found in rainforest on 
ridges. On the two largest islands of Western Samoa, Savaii and Upolu, it is usually found in sheltered, humid, 
high rainfall, sub-montane and montane forested areas (300-1400 m). On the island of Savaii this species has 
also been collected in sheltered hollows, colonising relatively young basaltic lava fields above 1200 m. One 
specimen, from a lowland forest habitat on the island of Viti Levu in Fiji {Chambers s.n., NSW 383847-48), is 
provisionally placed here also. 

Specimens studied: WESTERN SAMOA: Upolu: Jun 1880, Betche s.n. (NSW 367497); Mt Lanotob crater walls, 
750 m. Chambers s.n. (NSW408713-408719); Whitmee 67 (BM). Savaii: Wet forest above Matavanu c. 1100 
m, Christophersen 2163 (BM). AMERICAN SAMOA: Tutuila: Alava Ridge, 400 m, Christophersen 1129 (BM). 
VANUATU: Aneityum: S. Slopes of Inreo, southern ridge, 2° 1T S 169° 46' E, Braithwaite RSNH 2113bis (NSW 
367500; NSW 416865). COOK ISLANDS: Rarotonga: Totokoitu stream valley, 91 m. Chambers s.n. (NSW 
408710-12); Maungaroa Summit 530 m, Sykes 2604 (CHR, NSW 41684); Te Maunga Ridge below the peak. 
Chambers s.n. (NSW408704-09); Te Kou Ridge, Chambers s.n. (NSW 383850-53); Raemaru, 350 m, Sykes 2585/ 
Cl (CHR); Totokoitu Valley, ridge in valley, between tributaries of Totokoitu Stream, Cameron 1620 (AK). 

Typification: Luerssen cited three syntypes under his Blechnum vulcanicum var. giganteum. Of these, only one 
has been unambiguously identified, Graeffe 254 (BM 001048317); this is a good match for the protologue and 
is here chosen as lectotype. A second Graeffe collection, BM 000801650, is a possible syntype but the database 
record does not indicate a collecting number. 

Notes: 1. Eield study of this taxon on the steep, sheltered, forested walls above lakes in volcanic craters on the 
island of Upolu in Western Samoa confirmed that these large pendulous plants are typically found in montane 
forest areas on steep slopes in sheltered humid areas of high rainfall. 

2. All the specimens examined in the field at these various sites have relatively sparse pale hairs with 

considerable variation in their density and distribution; the hairs are fragile and often many are lost from 
herbarium specimens. The lamina of the living plants is soft-chartaceous and bright mid-green; the lamina 
segments contiguous towards the apex and increasingly spaced towards the base with up to 5 pairs of basal 
segments either free or with the basiscopic margin free and deflexed; the segments of the fertile fronds are 
longer than the sterile. 

3. Plants from Rarotonga and Samoa are grouped together here. The Rarotongan plants have a slightly thicker 
sterile lamina that is broader in relation to the lamina length and the hairs, while sparse, are more persistent. 
The possibility that the Rarotongan populations of Blechnum glabrescens intergrade with Blechnum aequabile 
should be investigated. 

9. Blechnum hirsutum Rosenst., Repert. Spec. Nov. Regni Veg. 9: 74 (1910) 

Type citation: In declivibus humidis, umbrosis montis Tao, 500 m alt.; 1.1910,1. Eranc no. 1429.’ 

Type: New Caledonia: Mt. Tao, escarpments humides forets de Tao 500 m’. Franc 1429 (holotype: P, barcode 
P00627667; isotypes: NSW427102, P00627668, S-P-2165 (2 sheets), US0004879) 

Cranfillia hirsuta (Rosenst.) Gasper & V.A.O.Dittrich, Phytotaxa 275(3): 208 (2016) 

Blechnum vulcanicum auct. non (Blume) Kuhn, Jeanpert, Bull. Mus. Natl. Hist. Nat. 17: 575 (1911) 
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Rhizome an erect woody caudex which together with the bases of the stipes is densely clothed with persistent 
linear attenuate, entire, dark red-brown usually strongly bicolorous scales. Sterile fronds to 70 cm long or more; 
stipes stramineous to pale brown, long and 1/3-1/2 the length of the lamina; sterile lamina up to 20 cm wide 
near the lamina base, ovate, widening evenly for most of its length distal to the basal pinna/segment pair(s); 
characteristic hairs variable in their distribution but usually abundant on most parts, especially on the abaxial 
surfaces; sterile segments adnate except for the basiscopically free basal pair or pairs which are also markedly 
deflexed, and each segment up to 10 cm long, 1.5 cm wide, falcate, shortly acuminate but sometimes obtuse; 
towards the lamina apex, deeply pinnatifid, the apical segment lobed. Fertile fronds have stipes longer than those 
of the sterile fronds; fertile pinnae/segments are shorter than the sterile, 5-8 cm or longer on larger specimens 
and spaced on rhachis; indusium brown and deeply laciniate. Spores (Vanuatu: Espiritu Santo, Chambers 2673 
&2691): 29 (27-31) x 42 (40-44) pm. 

Distribution and habitat: A species of open forest and sheltered escarpments formerly considered as endemic 
to New Caledonia but morphologically identical specimens from the Island of Espiritu Santo in northern 
Vanuatu, and specimens from Tonga, are now included here. 

Specimens examined: NEW CALEDONIA: Plateau de Dogny, Franc 1445A (P); Dogny, La Foa, 900 m. Franc 
s.n. (BM 000801651, BM 000801652); Crete sud de la Table Unio, 900 m,MacKee 13424 (P). VANUATU: Espiritu 
Santo: West ridge above Navaka River, track to Peak Santo, Chambers 2673 & 2691 (BM); 3000-4000 ft [915- 
1200 m] Pic Santo ridge, 1700 m, Aug 1963, Chambers s.n. (BM 000801681, BM 000801682). TONGA: Tofua, 
inside crater, in low Geniostoma forest 400-450 m, Buelow 2592c bis (CHR); Tafahi, steep slope south of Piu, with 
scattered tree ferns and Blechnum orientale 530-1- m, 3 Aug 1978, Buelow 1261 (CHR 377543, NSW 924313). 

Typification: Rosenstocks paper on New Caledonian ferns was prefaced with the following statement: “Die 
Originale dieser neuen Arten befinden sich im Herbarium Sr. Hoheit des Prinzen Roland Bonaparte in Paris.” 

Therefore, the specimen from that herbarium (barcode P 00627667) is here considered the holotype; it bears 
a determination slip printed with ‘Herb. Rol. Bonaparte and bearing the new binomial in Rosenstocks hand. 

Notes: 1. Blechnum hirsutum was for a long time referred to B. vulcanicum with which its sterile fronds 
share many characters, but the fertile fronds are distinctive, and their segments are usually but not always 
significantly shorter than those of the sterile fronds. Towards the base of the fertile lamina the segments are 
narrowed at the rhachis with a short sterile zone. 

2. A relatively recent collection from Tahiti {Dramet 9, barcode P 00789250) keys to this species but the 
specimen differs from the above description by having much longer, spreading fertile segments. Tahitian 

populations of plants of sect. Pilosa clearly require further investigation. 

3. The isotype at NSW (barcode NSW 127102) is a large plant and an exceptionally coarse-textured specimen. 
The scales at the base of the stipes and clothing the short caudex have a broad black central region and very 
slender dark red-brown margins resulting in them appearing completely black unless viewed in strong light 
under a binocular microscope. 

10. Blechnum megavulcanicum T.C.Chambers, sp.nov. 

Diagnosis: Rhizome a slender caudex up to 60 cm tall with scales tending to become bicolorous; sterile lamina 
linear triangular to linear-ovate up to at least 65 cm long, 34 cm broad and with 24 pairs adnate segments and 
up to 4 basal pairs spaced 2-3 cm and sessile to semi-adnate; fertile lamina with over 21 pairs segments with 
hastate bases in the basal half of the lamina, those towards apex basiscopically adnate or semi-adnate and 
without hastate bases. 

Type: SOLOMON ISLANDS: Santa Ysabel: Summit ridge Mt Sasari near Maringe Lagoon 1097 m, 26 Oct 
1963, T.C. Whitmore BSIP 2393 (holotype: K 000754243; isotype: L 3516913) 

Rhizome a slender caudex up to at least 60 cm tall; scales at the base of the stipe dark-brown with the mid 
region slightly darker tending to become bicolorous in most specimens. Sterile fronds large, often over 1 m in 
length; stipes usually shorter than the lamina, stramineous to pale brown with small dark scars where scales 
have been shed towards the base, otherwise glabrous and shiny; sterile lamina linear-triangular to linear-ovate 
and up to at least 65 cm long, 34 cm wide towards the base; sterile segments 8 cm or more long, 1.8 cm wide, 
up to 29 pairs of adnate, contiguous or slightly spaced pairs except for the 4 basal pairs which are 2-3 cm apart 
on the rhachis and either sessile or semi-adnate and deflexed with the basiscopic margin free; the remaining 
sterile segments towards the apex, adnate, lanceolate, acuminate to attenuate, often falcate, at maturity glabrous 
on the adaxial surface but densely pilose on the abaxial face, most segments are clearly separated on the rhachis 
by up to 1 cm, costal hairs (to 2.5 mm) while those arising from the veins and between the veins are shorter 
(to 1.5 mm); lateral veins only conspicuous on the abaxial surface. Fertile fronds with more than 21 pinnae or 
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segment pairs; each pinna in the lower half of the lamina with a variably hastate or small sterile leafy area at 
the base and those in the upper half are adnate segments without hastate lobes; indusium dark red-brown to 
almost black, ± entire at maturity 

Distribution and habitat: initially this taxon was regarded as endemic to the Solomon Islands and Bougainville, 
where it is present in both primary and secondary rainforest from lowland to montane habitats and develops 
into the largest plants within the Section Pilosa. However, the senior author has more recently seen Samoan 
specimens at Kew from the islands of Upolu and Savaii collected by Reinecke in 1895 & 1897 which although 
fragmentary appear to match Blechnum megavulcanicum. 

Specimens examined: PAPUA NEW GUINEA: Bougainville: S rim of lake, Loloru crater, 20 miles N of Buin, 
Craven 327 & Schodde (CANB 148958-59; BM 000801665-66). SOLOMON ISLANDS: New Georgia Group, 
Kolombangara Is.: West Coast inland from Merusu Cove 1200 m, Whitmore & Grubb 2097 (K 000754244, 
L); SW Iriri, ridge-top 1500-1600 m, Glenny 2377 (WELT); Mt Veve 1380 m, Glenny 3139 (WELT 3 sheets); 
S. Kolombangara summit 1627 m, Braithwaite RSS 4382 (CANB 469578, K 000754240-42); Ghizo I. 130 m, 
Glenny 2414 (WELT); Guadacanal: Mt Chonapau [Jonapau], 1230 m, Glenny 3552 (WELT); Mt Popomanatseu, 
1810 m, Braithwaite 4732 (CANB 469577; K 000754247-249); Jonapau 910 m, E.S. Brown 2452 (BM); 
Mt Jonapau 1261 m, G.F.C. Dennis 6 (BM). 

SAMOA: Savaii: Mangaloa, Reinecke 162 (K 000672934); Upolu: Vaipuna, Reinecke s.n. May 1895 
(K 000672936); Savaii, above Aopo 1902 larva field 1200-1400 m, Christophersen 899 (K 000672935). 

11. Blechnum phanerophlebium Baker ex C.Chr., Bull. Misc. Inform. Kew 1939: 28 (1939) 

Type: Fiji: Viti Levu, sources of the Wai ni malu, 1877-78, Horne 939 (holotype: K 000721923) 

? Blechnum vulcanicum var. lobatum Luerss.,Ef/. Graeff. 137 (1871) asdobata 

Type citation: Witi-Inseln. Ovalau: Graeffe unter no. 102!’ 

Type: Fiji: Ovalau: Graeffe 102 (n.v.) 

Rhizome erect or sub-erect with scales dark mahoghany-red to dark-brown, lanceolate acuminate and entire. Sterile 
fronds with similar scales persisting at the base of the stipe the remainder of which is 15-20 cm long, stramineous 
and glabrous; sterile lamina linear-triangular to ovate-lanceolate, 25-30 x 15-20 cm, pinnate chartaceous and 
with very few of the characteristic hairs which at least on mature specimens are confined to the more protected 
abaxial surfaces; sterile segments 10-12 cm long, 1.0-1.2 cm wide, 10 or more pairs, opposite, sub-opposite to 
alternate and spaced 1-3 cm on the rhachis, acuminate, entire, adnate but towards the lamina base increasingly 
constricted at the rhachis; the basal pair or pairs of pinnae are slightly hastate and sub-petiolate; towards the 
apex segments adnate and reduced in length, the terminal segment pinnatifidly lobed at its base and significantly 
longer than the sub-terminal pairs. Fertile fronds sometimes longer and with longer stipes; fertile segments adnate 
grading to shortly petiolate towards the lamina base; indusium dark-brown with a crenate margin. Spores 31(29- 
33) X 41 (38-44) pm; perine 3-4 pm thick and scaberulous; exine smooth. 

Distribution and habitat: The senior author has not seen live specimens in the field, but several collectors 
describe the habitats from which this species has been collected as very damp, in some cases dark and in others 
collected on the forest or woodland margins. The few herbarium specimens observed in the present study 
come from Fiji and Vanuatu, with a possible record from the Solomons (see note 4 below). 

Specimens examined: VANUATU: Erromanga: Nouankau River Bridge, 17 km west of Ipota, 140 m, 
Braithwaite RSNH 2264 (NSW 367499). FIJI: Viti Levu: Nanua River between Uiawai and Laselase, Namosi 
about 1000 ft (300 m), 1877-78,/. Horne 812 (K 000721922). 

Notes: 1. A rarely collected taxon that was not recorded in the recent revised checklist of Fijian ferns and 
lycophytes (Brownsey and Perrie 2011). The species has very few of the diagnostic hairs but there are sufficient 
(only found by careful searching) to indicate that it belongs to sect. Pilosa. 

2. The specimens grouped here differ from all other taxa in sect. Pilosa in that almost all segments of sterile 
fronds are spaced, sometimes up to 3 cm apart towards the base of the lamina and up to 1 cm apart towards 
the distal region. Also, in some specimens, the lowermost 3 pairs are shortly stalked. 

3. The few plants observed lack the scars from the deciduous scales on the otherwise typical stramineous stipes. 

4. A specimen from the Solomon Islands (Guadacanal, F.S. Brown 2452, BM 000801687) is possibly a large 
specimen of Blechnum phanerophlebium possessing a number of matching characters including sparse hairs, 
the relatively narrow width and some spacing of the sterile segments; however the sterile lamina is more linear 
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than specimens from Fiji and the persistent scales at the base of the stipe are not as dark; fertile segments are 
much longer and the indusium is not as dark brown but its margin is crenate. 

5. Luerssens short description of B. vulcanicum van lobatum contains insufficient detail to confidently identify 
it as this taxon. However, since the description of the lowermost sterile pinnae as not (or little) deflexed 
seems to rule out both B. aequahile and B. pilosum, this name is tentatively considered a likely synonym of 
B. phanerophlebium. 

12. Blechnum venosum Copel., Occas. Pap. Bernice Pauahi Bishop Mus. 14: 62, pi. 15 (1938) 

Type: TUBUAI (Austral Is.): Rapa: Taratika, east side Mount Perahu, moist bank in rainforest, 550 m, St. John, 
Fosberg & Maireau 15651 (holotype: n.v., specimen matching plate 15 not located; isotypes: MICH 1191204 (ex 
herb. Copeland), GH 00112368, UC 542551, US 00135472, K 000754215, BISH 496204 n.v., BISH 496205 n.v.) 

Rhizome forming a relatively massive erect or sub-erect caudex, 20 cm in height and 8 cm diameter; scales 
at the apex entire, linear, aciculate, 17 mm long, 1.5 mm wide, shiny red-brown. Sterile fronds with stipes 
(15-20 cm) usually shorter than the lamina (20-30 cm) and densely clothed throughout with similar persistent 
scales becoming shorter up the stipe and where they have shed leaving raised brown scars on the stramineous 
surface; rhachis similarly persistently clothed, the scales decreasing in size towards the apex; sterile lamina 
pinnate to pinnatifid, texture very coriaceous, veins conspicuous and costae deeply incised on the adaxial face; 
lateral veins very prominent on the abaxial surfaces; the characteristic hairs of sect. Pilosa are also present 
on abaxial surface of the segments, costae, and veins; sterile segments acuminate to attenuate 6-12 cm long, 
1.2-2.2 cm wide, margins entire and sometimes revolute, adnate, the basal pair are free on their basiscopic 
margin. Fertile fronds with segments slender, linear up to 10 cm long, 0.15-0.35 cm wide, not widely spaced on 
the rhachis, the sori occupying the whole of the abaxial face; hairs present but not dense on the stramineous 
abaxial costa; indusium, red-brown, papery and deeply lacerate at maturity. 

Distribution and habitat: At present Blechnum venosum is only recorded with certainty from the Marquesas 
just south of the equator in eastern Polynesia and on Tubuai in the Austral Islands south of the Tropic of 
Capricorn in the south-central Pacific. The specimens are all reported to have come from humid rain forest 
environments. It is unexpected to find that, coming from such a habitat, they are so extremely coriaceous in 
texture. 

Specimens examined: MARQUESAS: Nuku Hiva: Etoovii, epaulement SE du Mt. Tekao 1050 m, 8°5TS 
140n0'W, 28 May 1983, Florence 6813 (P 00717314). 

TUBUAI (Austral Is.): Rapa: Crete S du Mt. Mamuere, 450 m, 27°36'S 144°22'W, 6 Feb 1984, Florence 6496 
(P 00717311). 

Typification: There are numerous duplicates of the type number, St. John et al. 15651 but none of the available 
images match the photograph of the holotype published with the protologue (Copeland 1938:91, pi. 15), which 
shows a substantial caudex with about four attached fronds. Of the images on the Global Plants website, two 
show specimens with a caudex, barcodes UC 542551 and US 00135472, but neither matches the photograph 
exactly. The specimen from Copelands own herbarium (MICH 1191204), and all other cited duplicates, show 
only detached fronds. 

Notes: 1. With the limited material available, Blechnum venosum appears to be a distinct taxon. The fertile 
fronds are shorter than the sterile and the fertile lamina is approximately deltoid and only a little longer than 
its width at the lamina base. 

2. It seems likely that further discoveries may extend the range and improve our understanding of both the 
morphology and ecology of this taxon. 

3. The persistently scaly stipe, rhachis and costae give this plant a superficial resemblance to Blechnum vestitum 
and some other members of the B. capense group. However, the presence of the characteristic hairs and the 
raised scars on the stramineous stipes where scales have been shed, together with the basal pair of segments 
being falcate and basicopically free indicate that B. venosum is correctly grouped in sect. Pilosa. 

4. Sterile material from Ponape I. [Pohnpei] in Micronesia, almost 6000 km north-west of the Marquesas, 
approaches this species in a number of characters but lacks the persistent scales. These specimens {Takamatsu 
945 and Ledermann 13737) are only tentatively identified as this taxon. 

13. Blechnum humile T.C.Chambers, sp.nov. 

Type: INDONESIA: Papua Province: between camps 11 and 12, Mt. Carstensz [Puncak Jaya], 28 Jan 1913, 
C. Boden Kloss s.n. (holotype: BM 000801696) 



Blechnum Section Pilosa (Blechnaceae) Telopea 22: 41-59, 2019 57 

Diagnosis: Rhizome 1 cm long, 0.1-0.25 cm diameter, densely scaly with red-brown shiny, acuminate scales 
2.5-3.5 mm long and less than 1 mm wide at their bases. Sterile fronds up to at least 7 cm long with stipes 
densely pilose with white to pale fawn hairs. Sterile lamina 4-5 cm long with 16-18 pairs of segments, acuminate 
to obtuse, strongly revolute, acuminate to obtuse 6 cm long and the pinnae very shortly stalked towards the 
lamina base with the segments adnate towards the lamina apex and pinnatifid. 

Rhizome slender, semi-erect, 1 cm long and 0.1-0.25 cm diameter, densely scaly; the slender part of the rhizome 
giving rise to fronds at intervals and the thicker terminal region with a small crown of four fronds; rhizome 
scales red-brown, shiny, acuminate 2.5-3.5 mm long and less than 1 mm wide at their base with minute, 
straight, colourless marginal hairs. Sterile fronds up to 7 cm long, with the stipe and rhachis deeply grooved on 
the adaxial face and densely scaly with similar but smaller paleae than those of the rhizome (some with entire 
margins) and also densely pilose with minute straight white to pale fawn hairs of 3 or more cells, 0.2-0.5 mm 

long and distributed on all surfaces; sterile lamina 4.0-5.0 cm long, acuminate to lanceolate in outline and 
with 16-18 pairs of minute segments; sterile pinnae/segments 0.6 cm long and shortly stalked towards the 
base of the lamina becoming adnate in the mid-region and pinnatifid towards the apex, the terminal segment 
longer than the subterminal pairs; sterile pinnae/segments vary from acuminate to obtuse and are very strongly 
revolute; the grooved costa is conspicuous on the adaxial surface but the lateral veins tend to be obscured by 
the presence of numerous short white hairs; the abaxial surface of the pinnae/segments tends to be obscured by 
the revolute margins; the abaxial costa is prominent and supports minute fringed red-brown acuminate scales 
up to 0.3 cm long and some short hairs. Fertile fronds not available. Figure 2. 

Fig. 2. Holotype of Blechnum humile T.C.Chambers (BM 000801696) 

Etymology: the specific epithet refers to the small size of the only specimen available. 

Notes: 1. Known only from the type collection. Boden Kloss was with the Wollaston Expedition to Dutch New 

Guinea (also known as the Utakwa Expedition). The expedition set out from base camp on the Utakwa River 
in December 1912, started their ascent of the Carstensz Peaks on 17 January 1913 and turned back short of the 
summit on 30 January. 

2. The label merely states “11-12 28.1.13” and this is interpreted as indicating that the specimen was collected 
between camps 11 and 12. This was possibly just beyond the treeline since Kloss (in Ridley 1916: 5-6) noted 
that “above Camp XI the broad stony bed of the river was first followed and, when this was left, an open treeless 



58 Telopea 22: 41-59, 2019 Chambers and Wilson 

slope densely clad with scrub was traversed to the comb of the ridge” and “the first naturally open country met 
with was between Camps XI and XII ” 

3. The pilose covering very strongly suggests the Section Pilosa but some of the hairs are short and relatively 
thick for their length. However, more complete material is required to finalise the placement of this taxon, so 
its placement in the sect. Pilosa should be considered provisional. 
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Abstract 

The name E. obtusiflora has been applied to both an eastern Australian species and to a distantly-related 
species from Western Australia. We have re-examined the literature and type material of E. obtusiflora and 
conclude that the holotype was most likely collected on the west coast of Western Australia, possibly as part of 
the Baudin Expedition, and was certainly not collected by Sieber, with whom the type specimen has previously 

been associated. 

Introduction 

The name Eucalyptus obtusiflora has been applied to an eastern Australian species of E. subg. Eucalyptus 
(a monocalypt’) by various authors (e.g. Maiden 1907b, Brooker and Kleinig 1983, Chippendale 1988) but also to 
a distantly-related Western Australian species of E. subg. Symphyomyrtus (e.g. Brooker and Kleinig 1990a, Brooker 
2000, Hill et al. 2001, French 2012). This confusion occurred due to uncertainty about which specimen constituted 
the type, resulting from the erroneous attribution of type status to a Franz Sieber collection held at G (Chippendale 
in adnot. Hill et al 2001:302). We have re-examined the literature and herbarium material ofF. obtusiflora to clarify 
both the typification and the correct application of the name. This has flow-on effects regarding the application of 

the names E. dongarraensis Maiden & Blakely and E. obstans F.A.S.Johnson & K.D.Hill. 

Discussion 

Eucalyptus obtusiflora was published by A.P. de Candolle in his Prodromus (de Candolle 1828: 220), with the 
type citation: fn Nova Hollandid ad oram orientalern (in New Holland on the east coast). The Australian Plant 
Name Index (Chapman 1991) added text to the type citation of E. obtusiflora: ‘... et insula a Gallis Deeres dicta’, 
but this was mistakenly transposed from the previous species in De Candolle’s work, the distantly-related 
South Australian species E. cneorifolia. 

© 2019 Royal Botanic Gardens and Domain Trust 
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Fig. 1. Plate of Eucalyptus obtusiflora from Memoire sur lafamille des Myrtacees (de Candolle 1842), which matches the 

type specimen in G-DC (see Fig. 2). 
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Fig. 2. The holotype of Eucalyptus obtusiflora held in G-DC (sheet G00657440). Note that the right-hand branchlet 

matches the plate illustrated in de Gandolles Memoire sur lafamille des Myrtacees (see Fig. 1). 
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The next mention of E. obtusiflora is in de Candolles paper Memoire sur la famille des Myrtacees (1842). 
There is no further description of the species, nor is a collection cited, but a plate is included that illustrates a 
branchlet with leaves and flower buds as well as details of separate buds with the opercula removed to reveal 
anthers that are rather stylised on filaments wrongly rendered as incurved rather than indexed (Figure 1). 
This illustration perfectly matches the right-hand element on the sheet of E. obtusiflora in the Prodromus 
herbarium in G-DC (Figure 2), which is here considered to be the holotype. Both de Candolle’s plate and the 
type specimen in G-DC represent a species of E. subg. Symphyomyrtus sen Rufispermae. This series includes 
33 species (Nicolle 2019) and is widely distributed in south-western Australia, from the Pilbara of Western 
Australia through the South-West to western Victoria and south-western New South Wales but is notably 
absent from the east coast (and adjacent ranges) of Australia. 

The first link of E. obtusiflora with a Sieber collection was by Bentham (1867: 205) who, under E. obtusiflora, 

cited ‘N. S. Wales. Port Jackson, Sieber, n. 473’ and wrote: T have not seen De Candolle’s specimens, and his 
figure represents parallel-celled anthers, but that is probably the fault of the artist. In other respects it agrees 
well with our plant.’ The specimen of Sieber 473 at K is composed of seven separate fragments that appear to 
represent at least three different species, but all seven fragments certainly represent eastern Australian species 
of E. subg. Eucalyptus (including a green ash, a scribbly gum and a snow gum). Bentham cited rigida, 
Sieb. Pi. Exs.’ as a synonym. It appears that all later literature accepted Sieber 473 as the type for E. obtusiflora. 
However, it is worth noting that Sieber never visited Western Australia, and only collected in Australia in 1823, 
two years after de Candolle received the specimen in the Prodromus herbarium. 

Brooker and Kleinig (1983: 98) treated E. obtusiflora as an eastern Australian monocalypt species, as did 
Chippendale in Elora of Australia (1988, p. 177). Chippendale cited the sheet of Sieber 473 at G as the holotype, 
although there is no indication on the sheet that de Candolle studied it. That specimen has leaves, buds and 
flowers, and is certainly an eastern Australian species of E. subg. Eucalyptus. Chippendale cited isotypes at 
BM, G, K, NSW and W. There is also a sheet at MEL labelled Sieber 829 (MEL 703454) but with the annotation 
‘Ex Herbarium A.E Lang. Elora Novae Holl. No. 473.’ In 1993, M.I.H. Brooker determined this specimen as 
E. obstans, and it certainly represents the eastern Australian monocalypt species. Otto Friedrich Lang (1817-47) 
was a German botanist of Verden an der Aller, Hannover, who corresponded with Mueller, though no letter 

has been found that mentions E. obtusiflora. 

In his Eorest Elora of New South Wales, Maiden (1907a: 85) published the combination E. virgata van obtusiflora 
(DC.) Maiden, based on the eastern Australian monocalypt then known as E. obtusiflora. Maiden’s citation of 
‘Siebers No. 473, El. Nov. HolV in his Critical Revision of the Genus Eucalyptus (Maiden 1907b: 281) is treated 
by the Australian Plant Name Index (Chapman 1991) as a lectotypification of the name. 

The first to apply the name E. obtusiflora to a Western Australian species of E. subg. Symphyomyrtus were 
Brooker and Kleinig (1990a), who treated the species in their Eield Guide to Eucalypts: South-western and 
Southern Australia and stated that the species ‘includes E. dongarraensis Maiden & Blakely’. In the same year, 
Brooker and Kleinig (1990b), in their Eield Guide to Eucalypts: South-eastern Australia, also used the name 
E. obtusiflora for an eastern Australian species of E. subg. Eucalyptus, but with a footnote stating ‘The original 
specimen of E. obtusiflora DC. is E. dongarraensis, an endemic to south-western W.A.’ In this, they were 
presumably pre-empting the taxonomic work of Hill and Johnson (1991) but their use of the name E. obtusiflora 
for two very different species (the western and the eastern species) in the same year created much confusion 
due to the lack of adequate explanation at the time. Eucalyptus dongarraensis was described by Maiden and 
Blakely in 1925 (p. 184), based on a collection from Dongara on the west coast of Western Australia, gathered 
by J.H. Maiden in October 1909. 

Hill and Johnson (1991: 258) provided some explanation for their application of the name E. obtusiflora to a 
Western Australian species of E. subg. Symphyomyrtus when they described the new species E. obstans for the 
eastern Australian taxon previously known as E. obtusiflora. They stated‘Maiden (1907) made the combination 

E. virgata Sieber ex Sprengel var. obtusiflora (DC.) Maiden based on de Candolle’s name, understanding that de 
Candolle’s type represented the eastern Australian species that we are naming E. obstans. All of Maiden’s cited 
material is of this eastern taxon. De Candolle also apparently confused the taxa, his original type representing 
a Western Australian species {E. obtusiflora, until now known by its later synonym E. dongarraensis Maiden 
& Blakely)’. 

In a later publication. Hill et al. (2001: 302) provided further explanation for their application of the name 

E. obtusiflora to the Western Australian species. They claimed that the ‘specimen held in G-DC (Port Jackson, 
EW. Sieber 473, 1823) is not the same as replicates of Sieber 473 held elsewhere, which represents [sic] the 
eastern Australian species (of section Renantheria) since described as E. obstans L.A.S.Johnson Sc K.D.Hill. 
The specimen held in G [G-DC] represents the Western Australian species discussed here; the ‘replicates’ can 
only be the result of the mixing of specimens.’ This reference to the ‘replicates’ of E. obtusiflora reflects these 
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authors’ impression that the specimen in G-DC was collected by Sieber but represented a different taxon 
from the one associated with specimens of Sieber 473 held in other herbaria. Hill et al (2001) then gave a 
detailed description of E. obtusiflora, which they divided into three subspecies occurring between Shark Bay 
and Yorkrakine in Western Australia. For one of these subspecies they published the combination E. obtusiflora 
subsp. dongarraensis (Maiden & Blakely) L.A.S. Johnson & K.D.Hill, based on E. dongarraensis. This application 
of the name E. obtusiflora by Hill et al (2001) has largely been accepted until now, except at the infraspecific 
level, where French (2012: 310) has concluded that the three subspecies do not warrant taxonomic distinction. 

Typification 

The name Eucalyptus obtusiflora DC. is based solely on the sheet in the Prodromus herbarium (G-DC, barcode 
G00657440) which is therefore the holotype of the name; there is no evidence that uncited original material 
exists. The specimen, Sieber 473, in the general herbarium at G (barcode G00227744) was not cited by de 
Candolle or annotated by him and cannot be considered a type. It, and many other specimens of Sieber 473 that 
were previously considered part of the type gathering of E. obtusiflora DC., represent the eastern Australian 
species of E. subg. Eucalyptus now known as E. obstans L.A.S.Johnson & K.D.Hill. 

The label annotations on G00657440, ‘Eucalyptus obtusiflora DC’ and ‘Eucalyptus Nouvelle Hollande, cote 
orient; mus: de Par. 1821’ (Fig. 2), are “clearly the handwriting of Augustin Pyramus de Candolle” (Laurent 
Gautier, pers. comm.). There is no collector’s name associated with the specimen, but it is likely to have 
been collected by either Charles Gaudichaud-Beaupre (Freycinet expedition, 1817-1820) or Jean-Baptiste 
Leschenault de La Tour (Baudin expedition, 1800-1803). There is a specimen of E. obtusiflora at P (barcode 
P00291918), collected on ‘J/e des Amiraux [=Depuch Island] in 1801 during the Baudin expedition, but it is 
at a different reproductive stage from the one in G-DC and cannot be a type. The misleading locality, Adte 
orient’ or ‘ad oram orientalem, indicating the east coast of Australia, is also associated with the two adjacent 
species in the Prodromus, E. cneorifolia DC. (South Australia) and E. gomphocephala DC. (Western Australia). 

Taxonomy 

Eucalyptus obtusiflora DC., Prodromus Systematis Naturalis Regni Vegetabilis 3: 220 (1828). 

Type citation: ‘in Nova Hollandia ad oram orientalem’ 

Type; Nouvelle Hollande, cote orient.; mus. de Par.: 1821 (holo: G-DC G00657440 image!). Figure 2. 

Notes: Eucalyptus obtusiflora is a species of Eucalyptus subg. Symphyomyrtus sect. Dumaria ser. Rufispermae 
that is distributed along the west coast of WA, from north of Carnarvon southwards to near Jurien Bay and 
inland to Wyalkatchem (French 2012). 

The following two subspecies are recognised in E. obtusiflora (Nicolle 2019, French and Nicolle in prep.): 

Eucalyptus obtusiflora DC. subsp. obtusiflora 

Notes: Distributed from the Mullewa area (east of Geraldton) northwards to the Lake MacLeod area (north 
of Carnarvon), including a number of islands in the Shark Bay area, such as Dirk Hartog, Dorre and Bernier 

islands. The subspecies is distinguished from subsp. dongarraensis mainly in its non-decorticating, rough bark 
on the lower trunks (up to 0.5 to 2 m above ground level) and also in its consistently non-pruinose branchlets, 
buds and fruits. 

Eucalyptus obtusiflora DC. subsp. dongarraensis (Maiden & Blakely) L.A.S.Johnson & K.D.Hill, Telopea 9(2): 
305 (2001). 

Basionym: Eucalyptus dongarraensis Maiden & Blakely, Journal and Proceedings of the Royal Society of New 
South Wales 59:184 (1925). 

Type citation: ‘It has been seen only at Dongarra, in Western Australia, up to the present. Dongarra is a railway 
station on the coast, 275 miles north of Fremantle and 43 miles south of Geraldton. 

Type: Western Australia: Dongarra, J.H.Maiden, October 1909 (holo: NSW; iso: CANB, K, MEL, PERTH, US). 

= Eucalyptus obtusiflora subsp. cowcowensis L.A.S.Johnson Sc K.D.Hill, Telopea 9(2): 305 (2001). 

Type: Western Australia: 3.3 miles [5.5 km] W. of Wyalkatchem, G.M. Chippendale 252,9 Aug 1967 (holo: NSW; 
iso: CANB, PERTH). 
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Notes: Distributed from near Jurien Bay northwards to the Kalbarri area and inland to Goomalling and to near 
Wyalkatchem. The subspecies is distinguished from subsp. dongarraensis mainly in its completely decorticating 
bark and its variably pruinose branchlets, buds and fruits. 

It should be noted that, when Maiden and Blakely described E. dongarraensis, the town after which it is 
named was so spelt. Even though the spelling of the town was later amended to Dongara, Maidens epithet is 
orthographically correct and cannot be changed. 

The more specific reference to the type of Eucalyptus dongarraensis, including date, is given only by Maiden 
(1927: 402). The Australian Plant Name Index (Chapman 1991) cites Maidens gathering from ‘Dongarra as 
lectotype of the name but this was the only gathering available to Maiden and the specimen at NSW [NSW 
42723] is the holotype. Duplicates sent from NSW to other herbaria are isotypes, some distributed by Maiden 
(PERTH 01380311; CANB 00412302) and others distributed by L.A.S. Johnson (MEL 1611164; PERTH 

01380338; US 00409806). 
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Abstract 

Leionema praetermissum P.R.Alvarez & Duretto (Rutaceae), previously called L. sp. Colo River (RH.Weston 
2423), is here formally described. This rare species is found in Wollemi National Park in the Central Coast 
Region of New South Wales, Australia. We present information on its distribution, conservation status and an 

updated key to the genus Leionema for New South Wales and south-east Queensland. 

Introduction 

Leionema (RMuell.) Paul G.Wilson (Rutaceae) is a genus of 28 species - 27 are found in eastern Australia and 
Tasmania, and L. nudum (Hook.) Paul G.Wilson is found in New Zealand (Wilson 2013; Copeland & Telford 
2018). New South Wales (NSW) is a centre of diversity for the genus with 17 species, 10 of which, along with 
two subspecies, are endemic to the state. 

In the 1960 s M.R. Lemburg collected a plant specimen from Hungryway Creek, near Colo, Central Coast, NSW. 
This specimen was considered to be an undescribed species by Weston and Porteners (1991) who treated it as 
Phebalium species A (later listed as Leionema sp. Colo River (PH. Weston 2423) on PlantNET). It was thought to 
be related to P. elatius (EMuell.) Benth. (= Leionema elatius (EMuell.) Paul G.Wilson), but differed primarily in 
the narrower leaves. Wilson (1998 p. 273) raised the possibility that Phebalium species A may be of hybrid origin 
as it had deformed and sterile flowers, but did not suggest likely parents and acknowledged that the species it 
mostly closely resembled, L. elatius, was not found in the Colo area. After the initial gathering, the species was 
collected again only in the 2000s, with subsequent fruiting collections indicating that it is not sterile. It has been 
treated under a number of informal names (see synonymy below). The species was included in the Flora of 
New South Wales (Weston & Porteners 1991; Weston & Harden 2002; PlantNET 2019) and the Australian Plant 

Census (2019) but was not included in the Flora of Australia (Wilson 2013) besides a mention as a note under 
L. elatius. Based on morphology, the species may be most closely related to L. elatius (NE NSW, SE Qld) and 
L. obtusifolium (Paul G.Wilson) Paul G.Wilson (SE Qld), but is geographically isolated from both these species. 
It can be distinguished from these, and other species, by a number of stem, leaf, and inflorescence characteristics, 
supporting the hypothesis that the Colo River plants comprise a reproductively isolated and morphologically 
distinct species. This species is here formally described as Leionema praetermissum P.R.Alvarez & Duretto. 

© 2019 Royal Botanic Gardens and Domain Trust 
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Material and methods 

Specimens at the National Herbarium of New South Wales (NSW) of the new species and those to which it was 
considered to be most nearly related were examined and distinguishing features measured and documented. 
Type specimens of various Leionema species were viewed online at JSTOR Global Plants to confirm correct 
application of species names (https://plants.jstor.org). 

Taxonomy 

Leionema praetermissum P.R.Alvarez & Duretto, 5p. nov. 

Diagnosis: Differs from Leionema obtusifolium by having leaves that are linear-oblanceolate and up to 35 mm 
long (versus narrowly elliptic to narrowly oblong and up to 50 mm long), stems that are terete (versus distinctly 
angled) and an inflorescence of 3-10 flowers (versus an inflorescence of 10-20 flowers); and from L. elatius by 
having linear-oblanceolate leaves that are 2-3 mm wide (versus spathulate, oblanceolate, obovate or narrowly 
oblong, and 3-10 mm wide). 

Type: AUSTRALIA: New South Wales: Central Coast: Wollemi National Park, 8 May 2000, P.H. Weston 2423 & 
A.N.Rodd (holotype: NSW 439899; isotypes: AD, BRI, CANB, DNA, HO, K, MEL, MO, NBC, PERTH) precise 
locality details withheld. 

= Phebalium species A, Weston & Porteners, Flora of New South Wales vol. 2: 261 (1991). 

= Leionema sp.‘Colo River (Weston 2423), Weston & Harden, Flora of New South Wales Vol. 2 (revised): 308 
(2002). 

= Leionema sp. Hungryway Creek (Lemberg NSW 69237) (see APC 2019) 

= Leionema sp. Colo River (P.H.Weston 2423) NSW Herbarium (see APC 2019). 

Etymology: The epithet is derived from the Latin praetermissa (missed out, overlooked, neglected) and refers 
to this species having been identified as an undescribed taxon for at least three decades before being formally 
described, a situation not uncommon in Australia due to the limited number of specialists available to conduct 
critical research on the discovery and documentation of biodiversity. 

Shrub to 2 m tall, with few to many stems branching from the base. Stems glandular-warty, terete. Leaves simple, 
alternate but sometimes congested and appearing whorled, glabrous, subsessile or with petiole to 2 mm long; 
lamina linear-oblanceolate, 20-35 mm long, 2-3 mm wide, with obvious glands though not verrucose, base 
attenuate, apex acute, margins slightly recurved. Inflorescences terminal and axillary in upper leaf axils, a cyme 
of 3-10 flowers; pedicel 5-10 mm long. Elowers 5-merous. Calyx green, 1-2 mm long, glabrous or ciliate. Petals 
4-5 mm long, spreading, glabrous, adaxial surface white, abaxial surface pale green. Stamens 10; filaments 
white, up to 6 mm long, slightly longer than corolla; anthers cream. Carpels 5; ovary and style 3-6 mm long; 
style twisted. Cocci glabrous, 3-4 mm long, 2-3 mm wide. Seed ellipsoid, black to dark brown, c. 3 mm long, 
c. 2 mm wide, smooth, shiny (Figs 1-3). 

Distribution: Leionema praetermissum is apparently restricted to the catchment of the Colo River in Wollemi 
National Park, NSW, approximately 70 km west of Gosford. 

Habitat: Leionema praetermissum grows in and near the riparian zone in sand amongst sandstone boulders, 
in thickets dominated by Tristaniopsis lamina and/or Backhousia myrtifolia and a variety of other species 
including Casuarina cunninghamii, Stenocarpus salignus and Lomatia myricoides. Data associated with some 
herbarium collections indicate that the species can be locally dominant. 

Phenology: Flowering material has been collected from April to June, mature fruit has been collected in 
November. 

Conservation status: Leionema praetermissum is not currently listed as a threatened species under Federal 
or State legislation. It would probably qualify to be formally listed as a threatened species using lUCN (2017) 
criterion D as it has a restricted geographic distribution and is known from very few populations. Notes with 
herbarium specimens indicate the species can be locally common and dominate the understory. Additional 
surveys to ascertain the extent of the species and if there are any threats are highly desirable to allow an 
accurate conservation assessment to be completed. 
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Fig. 1. Leionema praetermissum: a - habit; b - flower, side view; c - flower, % view; d - antesepalous anther, abaxial view; 

e - antesepalous anther, adaxial view; f - antepetalous anther, adaxial view; g - antepetalous anther, abaxial view; h - calyx, 

base of stamens and gynoecium detail; i - gynoecium; j - stigma detail, a-j - Weston 2432 & Rodd (NSW). Scale bar = 

50 mm for a; 7.5 mm for b & c; 2 mm for d - g & j; 3.3 mm for h & i. Illustration; L. Elkan. 
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Fig. 2. Leionema praetermissum: a - inflorescence detail; b - stem detail, a & b - Weston 2432 & Rodd (NSW). Scale bar 

10 mm for a; 5 mm for b. Illustration; L. Elkan. 
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Fig. 3. Leionema praetermissum: a- flowering inflorescence; b, c - stem with fruit, a - unvouchered; b & c - Johnstone 2642 

& Errington (NSW). Photographs; A. Orme, not to scale. 

Additional specimens (precise locality details obfuscated for conservation reasons): AUSTRALIA: New 
South Wales: Central Coast: Hungryway Creek, Colo, M.R.Lemberg s.n. (NSW 69237); Wollemi National Park, 
8 May 2000, P.H.Weston 2424-2434 & A.N.Rodd (NSW); ibid, 12 Jul 2003, W.Jones s.n. (NSW 608488); ibid, 
10 Sep 2003, W.Jones s.n. (CANB n.v.,NE n.v.,NSW 608488); ibid, 30 May 2007, W.A.Cherry s.n. & A.J.Perkins 
(NSW 746248); ibid, 4 Nov 2009, R. Johnstone 2642 & G. Errington (K n.v., NSW 799248). 
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Key to the species of Leionema found in New South Wales and south-eastern 

Queensland, adapted from Copeland and Telford (2018) 

1 Petals >7 mm long, erect or spreading; stamens considerably exceeding petals .2 

1: Petals <6 mm long, ± spreading; stamens ±equal to or slightly longer than petals.6 

2 Petals fused.Leionema sympetalum 

2: Petals free .3 

3 Stems ± terete.4 

3: Stems strongly angled.5 

4 Stems pilose; leaves c. 10 mm long.Leionema carruthersii 

4: Stems stellate-tomentose; leaves 20-40 mm long.Leionema viridiflorum 

5 Leaf margins entire; inflorescence pendulous. Leionema ralstonii 

5: Leaf margins frequently serrulate; inflorescence erect.Leionema scopulinum 

6 Leaves 2.5-4 cm wide, base stem-clasping. Leionema ambiens 

6: Leaves <2 cm wide, base not stem-clasping.7 

7 Leaves hairy (including minutely papillose) on abaxial surface .8 

7: Leaves glabrous on abaxial surface .13 

8 Inflorescence terminal.9 

8: Inflorescence axillary.10 

9 Petals yellow, pale red towards apex on abaxial surface; leaves pilose or coarsely 
stellate on lower surface; pedicels 1-2 mm long. Leionema diosmium 

9: Petals white; leaves pilose on lower surface; pedicels 3-5.5 mm long.Leionema westonii 

10 Leaves 2-8 cm long, apex 2-toothed, margins entire to finely toothed; 
inflorescences >10 mm long, c. 10-flowered.Leionema dentatum 

10: Leaves 0.8-2(-3) cm long, apex entire, margins entire; inflorescences 
usually <10 mm long, 1-3-flowered .11 

11 Ovary globose, white stellate-pubescent or rarely glabrous; 
cocci c. 3.5 mm long; leaves smooth on adaxial surface .Leionema phylicifolium 

11: Ovary rostrate, glabrous, pilose or rarely villous; cocci 6 mm long or more; 
leaves minutely scabridulous on adaxial surface.12 

12 Inflorescences 3-flowered, rarely some (never all) 1-flowered; 
leaves straight, mostly 12-21 mm long, abaxial surface visible.Leionema ceratogynum 

12: Inflorescences 1 -flowered; leaves slightly up-curved, mostly 7-15 mm long, 
abaxial surfaces mostly obscured by revolute margins .Leionema lachnaeoides 

13 Stems strongly angled, glabrous; leaves 3-7 cm long, narrow-elliptic 
to oblanceolate, margins finely and regularly toothed, apex acute .14 

13: Stems terete to slightly angled, glabrous or hairy; leaves 0.6-5 cm long, 
margins usually entire or sometimes minutely erose or crenate.15 

14 Leaves 50-70 cm long, 10-15 mm wide.Leionema coxii 

14; Leaves 25-50 mm long, 3-6 mm wide .Leionema obtusifolium 

15 Inflorescences axillary; leaves linear to narrow-oblong or narrow-elliptic, 
margins recurved to revolute.16 

15: Inflorescences terminal and often also axillary; leaves linear- to 
broad-spathulate or ± circular, obovate or elliptic, margins flat to recurved .17 

16 Flowers solitary; stems pilose . Leionema gracile 

16: Inflorescence mostly a cluster of 3 or 4 flowers; stems with stellate hairs .Leionema phylicifolium 
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17 

17: 

18 

18: 

19 

19: 

20 

20: 

Leaves >13 mm long. 

Leaves <13 mm long. 

Leaves spathulate, oblanceolate, obovate or narrowly oblong, 3-10 mm wide 

Leaves linear-oblanceolate, 2-3 mm wide . 

Stems pilose. 

Stems with stellate hairs. 

Stems warty, minutely hairy in longitudinal lines or all over; 
leaves erect to spreading, not imbricate, 2-4 mm wide. 

Stems not warty, minutely stellate-hairy all over; leaves erect and 
± imbricate, 4-6 mm wide . 

.18 

.19 

.Leionema elatius 

Leionema praetermissum 

. Leionema gracile 

.20 

Leionema lamprophyllum 

. Leionema rotundifolium 
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Abstract 

Recircumscription and lectotypification of Prostanthera denticulata R.Br. is accompanied by description of the 
new species P crocodyloides T.C.Wilson, which is known from the south-eastern region of New South Wales, 

Australia. The descriptions for both taxa are accompanied by diagnostic illustrations, an updated section of the 
Flora of New South Wales key to Prostanthera and notes on distribution, habitat, and conservation status. 

Introduction 

Prostanthera Labill. is the largest genus of endemic Australian Lamiaceae, consisting of c. 94 species of woody 
subshrubs or small trees that grow in rocky outcrops and other well-drained habitats of the temperate mainland 
(Conn 1988;Wilson et al. 2017). Uncertainty regarding the number of Prostanthera species is in part due to 
taxon boundaries that have not yet been clearly defined. Taxa particularly affected by a lack of definition are 
P. denticulata R.Br., P lasianthos Labill., P. melissifolia F. Muell., P nivea Cunn. ex Benth., P ovalifolia R.Br., 
P ringens Benth., and P saxicola R.Br. (Conn 1999). 

During conservation surveys for the rare species Zieria obcordata A.Cunn. (Rutaceae), a collection of an 
unknown Prostanthera {P Carmen 453 & C. Hook, 30 August 2011) was made from the Rock Forest area, 
northwest of Bathurst, New South Wales. These specimens were similar to specimens of P denticulata collected 

by Allan Cunningham in 1822 near Bathurst (Cunningham 1822). Prostanthera denticulata is a robust, aromatic 
shrub with a characteristically scabrous texture and grows in woodlands and forests of New South Wales and 
Victoria. However, since taxonomic limits are unclear for P denticulata, further comparative investigation was 
made between the collections near Bathurst and those of P denticulata across its geographic range, including 
the type collections made by Robert Brown. 

Robert Brown (1810) described P denticulata based on specimens collected from the head of Middle Harbour, 
Sydney, New South Wales. In his Prodromus (1810), his diagnosis reads ‘R denticulata has scabrous branches; 
linear leaves with a recurved, denticulate margin, glabrous adaxial surface and glandular abaxial surface; and 
pilose calyces’. Bentham (1870) later determined that the leaf margin on the specimens was entire, and that it only 
appeared denticulate because of enlarged tuberculate prickles which, when numerous, enhance the distinctively 

© 2019 Royal Botanic Gardens and Domain Trust 
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scabrous or echinate characteristic of this species (Conn 1992, PlantNET). Bentham also broadened Browns 
concept of P. denticulata to include other specimens with scabrous stems and falsely denticulate leaves with 
a linear or ovate (including broad-lanceolate) lamina from inland New South Wales (Cunningham’s Bathurst 
collections) and Victoria (from Grampians National Park in the west to Mt Buffalo National Park in the east). 
While doing so, Bentham (1870) recognised the difference between Cunningham’s collections and the others, 
indicating they have narrow and long (to c. 2.5 cm) linear leaves with tuberculate prickles, whereas most of 
Brown’s Port Jackson specimens, and all those across Victoria have ‘broad-lanceolate’ (i.e. narrow-ovate) to 
ovate leaves usually scarcely exceeding c. 0.6 cm and have few to no tuberculate prickles. He also noted the 
outstanding variability in inflorescence morphology that all of these forms shared: in the diminutive form, the 
inflorescence is a monadic uniflorescence (i.e. consisting of a single flower), giving a plant the appearance of 
having flowers in an axillary’position; in its larger form, it is a bracteose blastotelic racemiform conflorescence, 

giving a plant the appearance of having a racemose’ inflorescence; see Conn’s (1984) interpretation of the 
Prostanthera inflorescence based on Briggs and Johnson (1979). In the latter inflorescence type, flowers are 
subtended by ovate, acuminate coloured pherophylls, and the flowers are always nearly sessile. 

The scabrous texture, ovate to narrow-ovate leaf lamina, and variable inflorescence morphology makes 
P. denticulata s. lat. difficult to distinguish from many other aromatic shrubby species of Prostanthera that are 
scabrous (viz. P. decussata F.Muell., P. granitica Maiden &: Betche, P. hirtula F.Muell., P. howelliae Blakely and 
P. stricta R.T.Baker). It appears that this has resulted in many misidentifications, judging from the range of 
determinations on duplicates of the same collections that we have found when examining specimens lodged 
at CANB, MEF and NSW. Prostanthera denticulata s.lat. can be distinguished from all these species by having 
nearly glabrous (not hirsute) adaxial leaf surfaces combined with an often racemiform’ inflorescence (rather 
than appearing axillary’, which is always a characteristic of P. decussata, P. granitica, and P. howelliae). Moreover, 
the molecular phytogeny of Prostanthera demonstrates that P. denticulata s.lat. is polyphyletic: an accession of 
P. denticulata from the Royal National Park, and another from Goonoo National Park (originally misidentified 
as P. howelliae), were not recovered within a monophyletic clade (Wilson et al. 2012). Furthermore, neither 
sample was recovered with P. decussata, P. granitica, P. hirtula, or P. howelliae, supporting the hypothesis that 
P. denticulata s.lat. comprises more than one species. 

This paper provides a detailed description of P. denticulata s.str. that establishes a clearer species concept based 
on Brown’s specimens. We demonstrate that the coastal P. denticulata s.str. is distinct from P. denticulata s.lat 
found elsewhere in New South Wales and Victoria. Brown made numerous collections of P. denticulata and did 
not specify a holotype. Therefore, we designate one of Brown’s collections made at the head of middle harbour. 
Port Jackson, as lectotype. 

Through the process of comparing specimens of P. denticulata s.lat, it became apparent that the Prostanthera 
collections from northwest of Bathurst were similar to specimen collections made from the New South Wales 
regions around Medway, Temora and West Wyalong. Some of these specimens had not previously been 
identified, while others were identified as either P. denticulata or P. hirtula. These populations share several 
characters not observed in other Prostanthera, including P. denticulata s.str. and other populations previously 
identified as P. denticulata s.lat., and are here described as the new species P. crocodyloides T.C.Wilson. The 
remaining populations across Victoria and New South Wales previously considered as P. denticulata s. lat 
will require further research to identify taxonomic boundaries and to determine whether they are sufficiently 
distinct from other similar eastern Australian mainland taxa (viz. P. decussata, P. granitica, P. hirtula, 
P. howelliae, P. parviflora and P. stricta). 

Illustrations, notes regarding conservation status and geographic distribution, and changes to the key for 
New South Wales Prostanthera (on PlantNET) are provided for P. denticulata and P. crocodyloides. Descriptive 
terminology for the inflorescence structure is based on that of Briggs and Johnson (1979) and Conn (1984). 
The geographic distribution described for both species uses the defined areas based on the botanical divisions 
of New South Wales (Anderson 1961; Jacobs and Pickard 1981). 

Taxonomy 

Prostanthera denticulata R.Br. Prodromus Flora Novae Hollandiae 509 (1810). 

Diagnosis: Prostanthera denticulata is morphologically similar to P. hirtula, as it has an open shrubby habit, 
frondobracteose racemiform conflorescences with flowers subtended by pherophylls, a flower type with 
reflexed adaxial lobes, anthers that do not translocate in anthesis, and anther appendages shorter than the 
anther. Prostanthera denticulata differs from P. hirtula by the former’s typically scrambling habit (vs. typically 
erect habit), stems with antrorsely pointed, geniculate trichomes up to 1 mm long (vs. stems with long patent 
or spreading trichomes between 1 and 2 mm long), leaves pubescent or nearly glabrous with adaxial leaf 
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surface moderately covered by tuberculate tooth-like trichomes and sometimes hair-like trichomes (vs. hirsute 
with long, hair-like, ± rigid trichomes). 

Lectotype (designated here): New South Wales: Head of Middle Harbour, Sydney (Port Jackson). February 1805 
(printed label upper left of sheet), R. Brown [Bennett No. 2370 (printed label upper left of sheet),'Calcanthera 
scabra Head of Middle Harbour P Jackson 1805 Feb’ (handwritten label upper left of sheet),‘Plants of Australia 
Collected by Robert Brown 1801-1805 Prostanthera denticulata R. Br. (Type Collection)] BM 001041043! 
Probable isolectotypes: 'Prostanthera scabra Port Jackson (handwritten label top of sheet), ‘Plants of Australia 
Collected by Robert Brown 1801-1805 Prostanthera denticulata R.Br. (Type Collection) New South Wales: 
Head of Middle Harbour, Sydney (Port Jackson). February 1805’ (printed label left of sheet),‘N. Hollandia, Pt 
Jackson R Brown (handwritten label bottom of sheet), BM 0010410441; 'Prostanthera denticulata {P scabra Hb 
Br.) var? Middle Harbour’ (handwritten label lower left of sheet), ‘Herb. Mus. Paris. Prostanthera denticulata 

R.Br. Australie Robert Brown. Envoi du Jardin Royal de Kew. Re^u le 19 Janvier 1884.’ (handwritten lower right 
of sheet), P 00686281!’; ‘Prostanthera scabra Port Jackson (handwritten label bottom right of sheet),‘Plants of 
Australia Collected by Robert Brown 1801-1805 Prostanthera denticulata R.Br. (Type Collection) New South 
Wales: Head of Middle Harbour, Sydney (Port Jackson). February 1805’ (printed label bottom right of sheet), 
CANB 278983!. 

Open, scandent to semi-erect, woody shrub to c. 1 m tall, sometimes evenly covered with large multi-cellular 
sessile hemispherical glands (c. 0.1 mm wide) and small sessile glands (to 0.03 mm wide), aromatic with scent 
combination of pine and cineole when crushed. Stem developing greenish or yellowish-brown bark. Branchlets 

rounded, or slightly square in cross section, yellowish green, densely covered with short antrorse, geniculate, 
scabrous hairs (0.05-0.5 mm long; 1-20 hairs/mm^), multicellular sessile glands absent to occasional, small 
sessile glands (to 5 glands/mm^). Leaves discolorous; petiole 0.3-1.4 mm long; lamina narrow ovate to ovate 
(appearing narrower when dry), (2-)7-24 mm long, 1-5 mm wide, base shortly attenuate to truncate, margin 

entire or slightly undulate and weakly to strongly recurved, apex acute to obtuse; abaxial surface pale green, 
midvein prominent, covered with antrorse to spreading hair-like trichomes 0.05-0.4 mm long with a density 
l-4(-ll)/mm^, multicellular sessile glands 1-5/mm^, without small sessile glands; adaxial surface mid-green, 
secondary veins indistinct, stiff to tooth-like trichomes 1-7/mm^ and 0.05-0.2(-0.3) mm long, hair-like 
trichomes along margin to 0.02-0.15 mm long. Inflorescence a frondobracteose racemiform conflorescence, 
uniflorescences monadic, 8-60 mm long and consisting of 1-5 nodes, axis green to dark maroon, indumentum 
as stem. Pherophylls resembling variously-reduced leaves, caducous, ovate, 1-4.5 mm long, 0.7-2 mm wide, 
indumentum similar to vegetative leaves, mid-green to completely dark maroon. Podium 1-2.1 mm long, 

indumentum similar to inflorescence axis, propodium to anthopodium ratio 2-9. Prophylls persistent, 
inserted slightly to distinctly sub-opposite, strongly narrow ovate to linear, 0.35-1.7 mm long, 0.1-0.3 mm 
wide, indumentum and colour similar to podium. Calyx bilobed, margin entire, mid-green to completely 

dark maroon; inner surface densely covered with short hairs (0.02-0.07 mm long; 40-80/mm^); outer surface 
moderately covered with patent trichomes (0.07-0.46 mm long, 2-10(-12)/mm^), and multicellular sessile 
glands (2-6/mm^); tube 1.4-1.9 mm long; abaxial lobe broadly ovate, 2.7-3.4 mm long, 1.6-2.8 mm wide, 
apex rounded, base truncate; adaxial lobe ovate to broadly ovate (0.7-1.6 mm long, 2.6-5.2 mm wide). Corolla 
8.5- 15 mm long, mauve with no markings, outer surface glabrous or with few trichomes on adaxial surface of 
tube, lobes with large sessile glands 2-12/mm^ more dense distally, lobe margins erose; tube 5-7 mm long and 
up to 4-6 mm wide, campanulate, inner surface glabrous; abaxial median lobe weakly spathulate, 3.3-5 mm 
long, base 1.8-2.8 mm wide, 4.1 -5.7 mm wide near apex, apex rounded, ± emarginate (sinus to 0.8 mm long and 
1.5 mm wide); lateral lobes oblong to weakly obovate, 2.3-4 mm long, 2.1-4.3 mm wide, apex obtuse; adaxial 
lobes fused into an adaxial median-lobe pair, separated by a broad shallow medial sinus to 0.5-1.5 mm long, 
each lobe 1.4-2.1 mm long, 3.2-5.2 mm wide, apex depressed ovate or truncate. Stamens didynamous, inserted 
1.6- 2.0 mm above corolla base, pollen sacs divergent, dark purple; abaxial stamens filament 1-2.1 mm long and 
c. 0.3 mm wide, anther 1.2-1.4 mm long and 1-1.5 mm wide, connective extended to form a basal appendage 
adjacent to abaxial locule (to 0.5 mm long, sometimes absent) and a basal appendage adjacent to adaxial locule 
(0.1-0.5 mm long) terminating in deltoid trichomes up to 0.1 mm long; adaxial stamens filament 0.9-1.3 mm 
long and c. 0.3 mm wide, anther 1.1-1.2 mm long and 1.1-1.4 mm wide, connective extended to form a basal 
appendage adjacent to abaxial locule (0.1-0.3 mm long) and adjacent to adaxial locule (0.1-0.6 mm long) 
terminating in deltoid trichomes up to 0.1 mm long. Gynoecium ovary 0.3-0.45 mm long and 0.6-0.9 mm 
wide, disc 0.15-0.3 mm long; style 5.5-8 mm long; abaxial stigmatic lobe longer (0.45-1 mm) than adaxial 
lobe (0.2-0.9 mm). Fruiting calyx beige when senesced; tube 1-1.2 mm long; abaxial lobe 2.7-3.4 mm long and 
2.6- 3.4 mm wide; adaxial lobe 0.7-1.3 mm long and 3-4 mm wide. Mericarps 1.3-1.9 mm long and to c. 1 mm 
wide, distally extended to 0.5-1.3 mm beyond base of style, wrinkled, light brown to beige. Flowering between 
October to December, although sporadic flowering can occur at any time if conditions are optimal. Figs 1 & 2. 
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Fig. 1. Prostanthera denticulata. a. habit and inflorescence; b. corolla (front view) showing relative position of stamens 

and style; c. flower (lateral view), showing short prophylls, calyx, corolla and pistil; d. adaxial anther, ventral view showing 

both longer (left) and shorter (right) appendages emerging from the connective between locules; e. adaxial anther, oblique 

dorsal view; f. leaf, abaxial view; g. leaf, adaxial view; h. leaf, silouette of adaxial view; i. fruiting calyx (front view); j. fruiting 

calyx (lateral view) showing prophylls. Scale bar: a = 4 cm; b,c,f-h = 0.75 cm; d,e = 0.25 cm; i,j = 0.6 cm; k=0.2 cm. Material: 

NSW901656, T.C. Wilson 398, T.C. Wilson 241 and G. Taseski 777. Illustrations: C. Wardrop 
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Fig. 2. Images of Prostanthera denticulata taken of living material associated with (a) Taseski 111 collection at Bilgola 

headland, (b-d) Wilson 241 collection at Royal National Park; (e,f) Wilson 328 collection at McKay Nature Reserve, 

Sydney, a, semi-prostrate subshrub growing in heath on coastal slope; b, sprawling open shrub in heathy woodland; 

c, vegetative shoot; d, racemose infructescence with persistent pherophylls subtending fruiting calyces at the second node 

from base; e, profile of flower; f, front view flowers. Scale bar: e,f = 2 mm. Photographs: G. Taseski (a) and T.C. Wilson 

(b-f). 
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Specimens examined: AUSTRALIA: NEW SOUTH WALES: Central Coast: Bouddi National Park: Gerrin 
Track, 150 m N of lookout to Maitland Bay, near Putty Beach end, U Williams 1, 10 October 1987 (NSW); 
Kincumber: Corner of Avoca Drive along back fence of Kincumber Public School, D. Warman s.n., 27 August 
2005 (NSW); Cowan: Cowan Creek, W. Blakely & D. Shiress s.n., November 1918 (NSW); W. Blakely s.n., 
November 1918 (NSW); W Blakely s.n., 8 November 1936 (NSW); Cedar Creek, W. Blakely & D. Shiress s.n., 12 
September 1926 (NSW); Sydney: Bush on top of Palm Beach Isthmus, R. Goode 358,30 September 1961 (NSW); 
Kuringai, M. Welch & D. Cannon s.n., October 1922 (NSW); Church Point, M. Tindale s.n., September 1945 
(NSW); Church Point Road, D. Tuckson s.n., 18 October 1956 (NSW); Towlers Bay, West end of Towlers Bay, 
M. Fletcher s.n., 2 October 1971 (NSW); Beside track to Pittwater Youth Hostel from Halls Wharf, J. Scott 1,22 

November 1989 (NSW); McKay Nature Reserve, T. Wilson 398,26 October 2012 (NSW); Bilgola Head, A. Morris 
s.n., 26 September 1927 (NSW); G. Taseski 777, October 1 2018 (NSW); A. Rodd 3540 &M. Watson, 4 November 
1980 (NSW); Bayview, E. Constable, 20 January 1948 (NSW); Mona Vale, In gully to the south of 95 Cabbage 
Tree Road, R. Johnstone 131 & C. Colton, 5 November 1988 (NSW); Katandra Bushland Sanctuary, T. James 
541 & R. Coveny, 20 September 1984 (NSW); R. Coveny 9693, 19 October 1977 (NSW); Duffys Eorest, Lot 88 
Eurabba Road, R. Palsson 55 & A, Rodd, 22 August 2017 (NSW); Newport, R. Selfe s.n., October 1910 (NSW); 
J. Fletcher s.n., August 1887 (NSW); North shore of Narrabeen \dke,L. Johnson s.n., 5 October 1946 (NSW); War 
Veterans village Narrabeen Lakes adjacent to Jamieson Park and Narrabeen Lake, N. Skelton 94002,4 December 
1994 (NSW); South Turramurra, I. McAllan s.n. 3, October 2001 (NSW); Manly Beach, Woods s.n., 15 January 
1807 (MEL, NSW); Loftus: J. Camfield s.n., October 1894 (NSW); J. Camfield s.n., October 1898 (NSW); Port 
Hacking River: J. Camfield s.n., December 1898 (NSW); Royal National Park: Along the Basin Lagoon track 

from Bonnie vale campground, T. Wilson 241 & K. Gibbons, 23 Februrary 2011 (NSW); Otford: R. Collie s.n., 
3 November 1888 (NSW); Garrawarra Reserve: E. Jacobs s.n., 20 October 1907 (NSW). 

Recognition: For characters differentiating P. denticulata from similar species see Table 1. 

Table 1. Comparison of selected morphological characters that can be used to distinguish between Prostanthera 
crocodyloides and its most similar congeners. Additional information for P. cryptandroides sourced from Conn 1999. 

Characters P. crocodyloides P. denticulata P. cryptandroides P. hirtula 

Glandular trichome 

location 

inflorescence, flowers 

(not corolla) and 

sometimes leaf petioles 

absent stems, leaves and 

inflorescences (in subsp. 

euphrasioides only) 

absent 

Stem trichomes Patent or spreading Geniculate and antrorse Patent or spreading Patent or spreading 

Tooth-like trichomes to 0.5 mm long to 0.2(-0.3) mm long absent absent 

Leaf margin entire entire lobed entire 

Leaf large tubercules present present absent present 

Leaf lamina length 8-20 mm 7-24 mm 6-9 mm 10-30 mm 

Inflorescence flowers usually 
on racemiform 

conflorescences 

(sometimes appearing 
axillary); to 8 nodes 

flowers usually 
on racemiform 

conflorescences 

(sometimes appearing 
axillary); 1-3(-4) nodes 

flowers appearing 

axillary 

flowers usually 

on racemiform 

conflorescences 

(sometimes appearing 
axillary); to 8 nodes 

Pherophyll hastate ovate generally absent ovate 

Prophyll 1.4-5 mm long; 

often recurved 

1.3-1.7 mm long; 

straight 

4-5 mm long; straight to 3 mm long; straight 

Calyx Hirsute, with glandular 

trichomes 

hirsute glabrous to hirsute hirsute 

Corolla mauve with no markings mauve with no markings pale mauve with orange 

markings in throat 

mauve with no markings 

Largest anther 

appendage length: 
anther locule length ratio 

<0.5 <0.5 >1 <0.5 

Notes: The specimen BMOO 1041043 is here chosen as the lectotype because it has the greatest amount of 
reproductive material from all of Robert Browns associated gatherings. Flowers of P. denticulata are chasmogamous: 
both female and male functions overlap to some extent during anthesis, but the stigma is exserted and porrect 
(with respect to the corolla) while stamens are found within the corolla tube (Fig. 2). This physical separation of 
sexes is expressed in other closely related species of Prostanthera (Wilson et al. 2012), and the flower type can be 
used to distinguish P. denticulata from several other species that have a dichogamous flower (Wilson et al. 2017). 
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The pollinators of R denticulata are not known, but from the flower type, it could be inferred that they are insect 
pollinators belonging to Diptera, Hymenoptera, and Coleoptera (Wilson et a/. 2017). 

Distribution: Prostanthera denticulata is known from the Central Coast, New South Wales, as far north as 
Bouddi National Park and as far south as Royal National Park (Fig. 3). 
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Fig. 3. The known locations of Prostanthera crocodyloides (red) occur west of all known locations of P. denticulata (blue) 

in New South Wales, Australia. 

Habitat: Steep to gentle slopes (between 0-200 metres) in sandy, gravelly, well-drained soils derived from 
Triassic coarse-grained sandstone. Surrounding vegetation typically has heath-like elements in woodland or 
wet sclerophyll forest. 

Conservation status: Populations of P denticulata occur within National Parks and other conservation areas, 
but several populations may be threatened by adjacent areas of urban growth around the greater Sydney area. 
Based on the number of collections and our understanding of the contemporary distribution for this species, 

there are approximately ten existent disjunct populations that fit an area of occupancy of less than 500 km^. No 
study has extensively surveyed this species and so population numbers are unknown. Based on this evidence, 
the species might be suitable for an lUCN Redlist (lUCN 2019) endangered or vulnerable listing if any future 
evidence demonstrates a continuous decline or extreme fluctuation at any demographic level. However, since 
historical data for populations of P denticulata are not known, this species should be listed as data deficient 
(lUCN 2019). 

Prostanthera crocodyloides T.C.Wilson, sp. nov. 

Diagnosis: Prostanthera crocodyloides is similar to P denticulata, as it has an open shrubby habit, scabrous leaves 
bearing distinct tooth-like hairs, and a flower type with reflexed adaxial lobes, anthers that do not translocate in 
anthesis, and anther appendages shorter than the anther. Prostanthera crocodyloides differs from P denticulata 
by its patent or spreading trichomes and regularly distributed sessile glands on branchlets (vs. the latter’s 
geniculate antrorse trichomes and occasionally distributed sessile glands), adaxial leaf surface with tuberculate 
tooth-like trichomes to 0.5 mm long (vs. rarely to 0.3 mm long), frondobracteose racemose conflorescence 
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with flowers subtended by hastate pherophylls (vs. subtended by ovate acuminate pherophylls), generally 
longer prophylls 1.4-5 mm long (vs. to 1.7 mm long), glandular trichomes associated with inflorescence axis, 
pherophylls, prophylls, and calyces (vs. glandular trichomes absent). 

Type: Australia: New South Wales: Central Tablelands: Bathurst: Crackerjack Rock, T.C. Wilson 757, R Carmen, 
C. Hook, M.A.M. Renner, D. Shelly, 28 Nov 2016 (holotype: NSW 997626 isotypes: CANB, MEL). 

Open, erect, woody shrub to 2 m tall, crown to c. 1.5 m diam., evenly covered with large multi-cellular sessile 

hemispherical glands (c. 0.1 mm wide) and either small sessile glands (to 0.05 mm wide) or glandular hairs (to 
0.4 mm long), strongly aromatic with scent combination of pine and cineole when lightly brushed or crushed. 
Stem to 5 cm diam. near base of shrub. Branchlets rounded, yellowish green, densely covered with short patent 
or spreading trichomes (0.02-0.2 mm long; (3-)20-50 trichomes/mm^), moderately covered by multicellular 

sessile glands (up to 4 glands/mm^) and small sessile glands (l-)5-10 glands/mm^; bark smooth and waxy, 
greyish brown with horizontal yellow- or red-brown bands, and vertical lenticel-like openings on lower stem 
and older branches. Leaves discolorous; petiole absent or when present 0.3-0.8 mm long, sometimes with 
a few glandular trichomes; lamina linear to very narrowly ovate or elliptic, 8-20 mm long, 0.6-2 mm wide, 
base shortly attenuate to truncate, margin entire and weakly to strongly recurved, apex obtuse; abaxial surface 
pale yellowish-green, midvein prominent, densely covered with patent 0.01-0.2 mm long hair-like trichomes 
(20-50(-80) trichomes/mm^), multicellular sessile glands 1-9 glands/mm^, and small sessile glands 6-16 
glands/mm^; adaxial surface mid-green, secondary veins indistinct, 0.05-0.4 mm long hair-like trichomes 
particularly at leaf base (up to 20-50 trichomes/mm^), small tooth-like trichomes 0.02-0.1 mm long and 
densely covering surface ((1-) 16-25 trichomes/mm^), with larger tuberculate tooth-like trichomes (to 0.5 
mm long and 0.05-0.2 mm wide, c. 1/mm^), multicellular sessile glands 1-9/glands mm^, and small sessile 
glands 6-16 glands/mm^. Inflorescence a frondobracteose racemose conflorescence with main axis up to c. 8 
nodes; uniflorescences monadic, axis green to dark maroon, indumentum with patent hair-like and/or tooth¬ 
like trichomes (0.02-0.15 mm long, 3-32 trichomes/mm^), large multicellular sessile glands 1-6 glands/mm^, 

small sessile glands 3-24 glands/mm^, and glandular trichomes absent or sparse (up to 10 trichomes/mm^) 
and 0.1-0.18 mm long. Pherophylls persistent, hastate, margin becoming weakly recurved, base broad, 0.7-10 
mm long, 0.3-3 mm wide, indumentum similar to vegetative leaves, mid-green to completely dark maroon. 

Podium 0.9-1.8 mm long, indumentum similar to inflorescence axis, propodium to anthopodium ratio 0.8-5. 
Prophylls persistent, inserted slightly to distinctly sub-opposite, strongly narrow ovate to linear and sometimes 
recurved, 1.4-3.6(-5) mm long, 0.1-0.5 mm wide, indumentum and colour similar to podium. Calyx bilobed, 
margin entire or sometimes with adaxial lobe with three inconspicuous lobes, mid-green to completely dark 
maroon; inner surface glabrous; outer surface densely covered with patent trichomes (0.02-0.15 mm long, 
3-32 trichomes/mm^), large glands (1-4/mm^) and glandular trichomes (to 4 mm long, 0.02-11 trichomes/ 

mm^), becoming more sparsely distributed distally; tube 1.6-2.6 mm long; abaxial lobe broadly ovate, 1.7-2.3 
mm long, 1.8-3 mm wide, base truncate, apex rounded; adaxial lobe ovate to broadly ovate, 1.2-3 mm long, 
1.8-3.6 mm wide, apex rounded. Corolla 7-10 mm long, mauve without markings, outer surface glabrous 
except lateral and abaxial lobes, with or without multicellular sessile glands 3-7 glands/mm^; tube 3.5-5.5 mm 
long, campanulate, inner surface glabrous; abaxial median lobe weakly spathulate, 2.2-3.6 mm long, 0.6-2.6 
mm wide at base, 1.8-3.8 mm wide near apex, apex rounded, ± emarginate (sinus 0.16 mm long, 0.5 mm wide); 
lateral lobes slightly obovate, 2.1-3.3 mm long, 2.1-3.6 mm wide, apex broadly obtuse to rounded, slightly 
retuse; adaxial median-lobe pair deeply divided, each lobe depressed ovate, 1.7-2.7 mm long, 2.2-3.6 mm 
wide, with margin slightly irregular, apex obtuse to truncate, medial sinus broad and 0.2 mm long. Stamens 
didynamous, inserted 1.2-2.4 mm from corolla base, dark purple; staminal filaments 0.7-1.6 mm long, c. 0.3 
mm wide, anthers 1.2-1.7 mm long, 0.7-1.1 mm wide; connective on all anthers extended to form a basal 
appendage adjacent to the adaxial locule 0.2-0.5 mm long and terminating in deltoid trichomes up to 0.1 mm 
long (adaxial anthers rarely with a second shorter basal appendage adjacent to abaxial locule). Gynoecium disc 
0.25-0.4 mm long; ovary 0.3-0.6 mm long and 0.7-1 mm diam.; style 3.3-7 mm long; stigmatic lobes 0.16- 
0.32 mm long. Fruiting calyx beige-coloured; tube 2.2-2.9 mm long; abaxial lobe 2.3-3.2 mm long, 2.6-3.5 mm 
wide; adaxial lobe 1.8-4 mm long, 2.5-4.2 mm wide. Mericarps c. 3.2 mm long, distally extended to 0.7-1.1 mm 
beyond base of style, wrinkled, light brown to beige. Flowering primarily between late August to November, 
although sporadic flowering might occur at any time depending if conditions are optimal. Figs 4 & 5. 
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Fig. 4. Prostanthera crocodyloides. a. habit and inflorescence; b. corolla (front view) showing relative position of stamens 

and style; c. flower (lateral view), showing prophylls, calyx, corolla and pistil; d. anther, oblique adaxial view; e. anther, 

abaxial view; f leaf, adaxial view; g. leaf, abaxial view with detail showing tooth-like hairs; h. pherophyll, profile view; i. 

pherophyll, abaxial view; j. pherophyll, adaxial view; k. flowering calyx (corolla removed) and prophylls showing detail of 

glandular hairs; 1. fruiting calyx with prophylls subtended by pherophyll. Scale bar: a = 4 cm; b,c,f,g = 0.75 cm; d,e = 0.25 

cm; h-1 = 0.6 cm. Material: T.C. Wilson 757 and R Carmen 453. Illustrations: C. Wardrop. 
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Fig. 5. Prostanthera crocodyloides found at Bathurst (a, c-g) and Ingalba Nature Reserve (b). a, growing in open woodland 

along slopes, amongst granite boulders and pavements (Bathurst); b, racemose inflorescence; c, vegetative shoot; 

d, dissecting micrograph of Carmen 453: abaxial surface of inflorescence leaf apex showing tooth-like trichomes, small 

sessile glands and a large multicellular sessile gland; e, stem developing smooth bark with horizontal red-brown bands; f, 

front view of anthetic flower; g, racemose infructescence showing hastate persistent pherophylls and fruiting calyces. Scale 

bar: d = 0.1 mm; f,g = 2 mm. Photographs: C.J. Hook (a,b) and T.C. Wilson (c-g). 
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Specimens examined: AUSTRALIA: NEW SOUTH WALES: Central Tablelands: Granitic mountains west from 
the Settlement of Bathurst, A. Cunningham s.n., 23 Oct, 1822 (K 001097773); Rock Forest, Crackerjack Rock, P. 
Carmen 453 & C. Hook, 30 Aug 2011 (CANB, NSW); R Carmen 514 & C. Hook, D. Shelly, 26 Sept 2016 (CANB, 
NSW); T.C. Wilson 578, 579, M.A.M. Renner, P. Carmen, C. Hook & D. Shelly, 28 Nov 2016 (NSW, CANB, MEL); 
Blue Mountains: Unknown collector (K 001097774); Medway: Medway rivulet: B.J. Conn 2564 & R. Miller, 13 June 
1987 (NSW); BJ. Conn 2664 & R. Miller, 26 Oct 1987 (NSW); M. Kennedy 155, A. Fairley, R. Miller & P Hind, 10 
Oct 1991 (NSW); Central Western Slopes: 25 km south of West Wyalong, PL Milthorpe s.n., 10 Aug 1974 (CANB 
828400); Temora: Rev. J.W. Dwyer s.n., Aug 1915 (NSW 942166); Rev. J.W. Dwyer s.n.. Sept 1915 (NSW 942165); 
10 km west of Temora on Ariah Park Road, J.G. Brickhill s.n., 13 Oct 1979 (National Parks and Wildlife Service 
New South Wales, Griffith); 8 km West of Temora, J.G. Brickhill s.n., 10 Oct 1984 (National Parks and Wildlife 
Service New South Wales, Griffith); Ingalba Nature Reserve: /. W. Wrigley s.n., 2 Oct 1971 (CBG 41294); B. Muffet 
s.n., 24 August 1974 (CBG 55784); T. van den Brocks.n.,2 Oct 1967 (CBG 54551); G. Bnt/cr s.n., 8 Nov 1993 (CBG 
9216030); Mt Wharrun area, J.G. Brickhill s.n., 16 Aug 1978 (CANB 832370); walking track to Mt Wharrun, P. 
Carmen 537 Sc C. Hook, 9 Sept 2017 (CANB); north eastern corner, P Carmen 539 & C. Hook, 10 September 2017 
(CANB); Big Bush Nature Reserve: /. Schlunke s.n.. May 2011 (NSW 1004346). 

Recognition: The combination of a frondobracteose racemose conflorescence and monadic uniflorescences, 
glandular hairs and hastate pherophylls makes P. crocodyloides distinct from other species of Prostanthera, 
including P. denticulata. Prostanthera crocodyloides can also be distinguished from P. denticulata by more 
densely distributed tuberculate hairs and glandular trichomes associated with inflorescence stems, pedicels 
and calyces. Prostanthera hirtula can have scabrous leaves and has similar-looking racemiform conflorescences, 
although P. crocodyloides can be distinguished from P. hirtula by being covered by distinctive tuberculate, 
tooth-like trichomes (vs. hair-like trichomes), hastate pherophylls (vs. ovate pherophylls) and glandular 
trichomes (vs. glandular trichomes absent). The distinctive glandular trichomes borne at highest density on 
P. crocodyloides inflorescences and flower parts might lead to confusion with P. cryptandroides A.Cunn. ex 
Benth. Prostanthera crocodyloides is unlike P. cryptandroides subsp. cryptandroides because the leaf margin is 
entire (vs. dentate leaves) and anther appendages are shorter than the anther locule (vs. longer than the anther 
locule). Prostanthera cryptandroides subsp. euphrasioides (Benth.) B.J.Conn is unique because it has glandular 
trichomes in high density over vegetative parts such as leaves that are not scabrous. Further information on 
similarities and differences between the above species is summarised in Table 1. 

Notes: Glandular trichomes that are found on reproductive parts of P. crocodyloides appear to be homologous 
with the small sessile glands (not larger hemispherical glands) that are distributed over vegetative parts. There 
usually is a gradient in the mature length of these glands, and the later developing flowers and axis of the 
inflorescence tend to have more glandular trichomes and fewer (or absent) sessile glands. The phenology of the 
glandular trichomes appears to be variable across the geographical distribution of P. crocodyloides. Populations 
near Bathurst and Medway begin producing glandular trichomes earlier in reproductive development (viz. on 
the inflorescence axes and pherophylls) whereas populations from near West Wyalong and surrounding Temora 
produce glandular trichomes later (viz. on prophylls and calyces). 

Flowers of P. crocodyloides are not protandrous, however anthers are ready to dehisce pollen and the stigma is 
not receptive at beginning of anthesis. Stigmas become receptive soon after flowers open and while anthers can 
still disseminate pollen. Flowers of this species are chasmogamous because the stigmatic tip is held distal to the 
anthers (Wilson et al. 2017): stigma is exserted and porrect (respective to the corolla) while stamens are found 
within corolla tube (Figs 4b & c, 5f). The pollinators of P. crocodyloides are not known but, based on the flower 
type, it would be expected that a high diversity of insects are potential pollinators, including members of 
Diptera, Hymenoptera and Coleoptera (Wilson et al. 2017). It is likely that the anther appendage of this species 
increases the potential for visitors to disrupt the anthers and thereby release pollen, which is the pollination 
mechanism that has been observed in other Prostanthera (Wilson et al. 2017). Although sometimes a second, 
smaller appendage is found associated with the abaxial locule, P. crocodyloides is typically distinguished from 
P. denticulata by having only one appendage (not two) per anther. 

Etymology: The specific epithet Lrocodyloides’ refers to several crocodilian-like qualities on the leaves. 
Microscopic examination of a leaf reveals small to large (up to 0.4 mm long) tooth-like trichomes on tubercules, 
resembling a crocodile tooth. The recurved margin (or strongly recurved to revolute when desiccated) of 
the narrow-ovate leaf gives the likeness to a crocodile’s upper mandible, especially when the large tooth-like 
trichomes are distributed on its length (Fig. 5d). The tubercules over the adaxial surface of the leaf also gives 
the appearance and tactile quality of crocodilian skin. 

Distribution: Prostanthera crocodyloides is known from five populations across the Central Tablelands and 
Central Western Slopes, New South Wales: 1) Crackerjack Rock, Rock Forest northwest of Bathurst; 2) West 
Wyalong area; 3) Ingalba Nature Reserve; 4) Big Bush Nature Reserve; 5) Medway rivulet adjacent to Belanglo 
State Forest (Fig. 3). 
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The northernmost population of P. crocodyloides is on a western slope of private property in the Rock Forest 
locality near Bathurst. It consists of approximately 250 individuals in three loosely-disjunct sites covering an 
area of one km^. The R crocodyloides population from south of West Wyalong was not able to be relocated for 
this study Based on our field surveys conducted in 2017 and 2018, and by Porteners (2001), R crocodyloides 
occurs in two areas within Ingalba Nature Reserve. One area is in the northern part of the Reserve, either side 
of the Temora-Ariah Park Road, and the second is in the southern part of the Reserve near Mt Wharrun. Each 
site was estimated to contain over two thousand individuals in small to extensive patches. There are four sites 
reported in the vicinity of the Big Bush Nature Reserve, three in the reserve (J. Schlunke pers. comm.) and a 
fourth on adjacent private property. The south-eastern population at Medway is known from two collections 
with specific locality details; another specimen (K 001097774) from an unidentified collector in Hookers’ 

herbarium is only labelled with the locality of Blue Mountains and might refer to the Medway locality, or to an 
additional unknown population in the Blue Mountains Wilderness. 

Habitat: Outcrops, steep to gentle slopes, and pavements (between 400-930 metres), growing in heathy 

shrubland to open woodland. Grows in sandy, gravelly, well-drained soils derived from a wide range of 
geologies: Carboniferous coarse-grained porphyritic felsic granite at Rock Forest (Dunkeld Granite: gmaps. 
geoscience.nsw.gov.au; Briggs and Leigh 1990); Ordovician siltstone, sandstone, quartz-mica schist, minor 
graphitic schist, and hornfels (Wagga Group: gmaps.geoscience.nsw.gov.au) at Ingalba and Big Bush Nature 
Reserve; Hawkesbury sandstone at Medway. 

Conservation status: Two of the five separate populations of R crocodyloides are located in Nature Reserves. 
Two sites in a population located at Ingalba Nature Reserve contain over 2000 individuals each, and one site in 
the population at Big Bush Nature Reserve contains over 500 individuals. A comprehensive search at the Rock 
Forest population counted 251 individuals. The precise location and status of the West Wyalong population is 
uncertain, and the number of individuals at the population near Medway is unknown. Given these data, there 
are five known populations within less than 5,000 km^. There is likely no gene flow between these populations 
since they are disjunct, which would therefore necessitate conservation for each one. Based on this evidence 
the species could merit an lUCN Redlist (lUCN 2019) endangered listing if any further evidence is provided 
to demonstrate a continuous decline or extreme fluctuation at any demographic level. However, until historical 
data for these populations are provided, R crocodyloides should be listed as data deficient (lUCN 2019). 

Updated key to species 

Sections of the key to the species of Prostanthera (Conn and Wilson 2015) occurring in New South Wales 
are here amended to incorporate R crocodyloides and updated information about R denticulata. The current 
key considers R denticulata as having flowers arranged in leafy botryoids (i.e. flowers appearing axillary). 
Prostanthera crocodyloides can also have flowers in leafy botryoids, and therefore couplets 40, 40a, and 40b 
are used to distinguish both species from R howelliae and R decussata F.Muell. Prostanthera crocodyloides 
and R denticulata also grow flowers in racemiform superconflorescences (appearing as terminal racemose 
inflorescences), and therefore couplets 15, 15a, and 15b are implemented to distinguish both from R hirtula 
F.Muell. ex Benth and R makinsonii B.J.Conn & T.C.Wilson. A caveat is also included in couplet 3 that large 
tubercules on the leaf could give the false impression of a denticulate margin. In order to be compatible with 
the existing key, the term ‘hair’ is used instead of trichome. 

3 Leaves with margin entire (although may appear toothed because of tubercules on the margin) .4 

Leaves with margin variously toothed.15 

14 Leaves 6-10 mm wide, margins weakly recurved. R makinsonii 

Leaves 1-6 mm wide, margins often strongly recurved to revolute.15a 

14a Adaxial leaf surface hairy but without tooth-like hairs and tubercules.R hirtula 

Adaxial leaf surface with only tooth-like hairs often associated with tubercules.15b 

14b Branch indumentum with geniculate antrorse hairs and sessile glands occasional to absent, 
pherophylls ovate, glandular hairs absent on reproductive material.R denticulata 

Branch indumentum with patent or spreading hairs and regularly distributed sessile glands, 
pherophylls hastate, glandular hairs present at least on calyx.R crocodyloides 

39 Leaves 8-20 mm long, glandular hairs on calyx.R crocodyloides 

Leaves 7-24 mm long, lacking glandular hairs on calyx.39a 
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39a Stems densely hairy, leaves hairy on adaxial surface.R decussata 

Stems sparsely to moderately hairy, leaves with adaxial surface glabrous.39b 

39b Stem trichomes spreading, flowers appearing axillary and with darks spots in 
corolla throat.P. howelliae 

Stem trichomes antrorse, flowers in racemose inflorescences (rarely appearing axillary) 
and without markings in corolla throat .R denticulata 
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Abstract 

In 2006 Cheilolejeunea comitans (Hook.f. & Taylor) R.M.Schust., previously treated as endemic to New Zealand 
and Australia, was placed in synonymy of C. krakakammae (Lindenb.) R.M.Schust., a species with an African 
type. Here we generated DNA sequences from samples of New Zealand C. comitans and compared them with 
published sequences for C. krakakammae from China. The molecular evidence, together with a new analysis of 
morphological evidence from the isolectotype and samples of C. comitans, and from the holotype, isotype and 
descriptions of C. krakakammae, justify the reinstatement of C. comitans. 

Key Words: Liverwort, New Zealand, Australia, Cheilolejeunea krakakammae, C. khasiana, C. comitans, 
synonymy, phylogeny. 

Introduction 

Cheilolejeunea comitans (Hook.f & Taylor) R.M.Schust., previously treated as endemic to New Zealand 
and Australia, was placed, together with the Asian C. khasiana, in synonymy of C. krakakammae (Lindenb.) 
R.M.Schust., a species with an African type (Zhu 2006). That study, undertaken at the time without the benefit 
of molecular evidence, proposed a pan-paleotropical, including Oceania, distribution for C. krakakammae. 
A common factor in the species synonymised under C. krakakammae was the usual or frequent presence of 
eplicate perianths. In order to test this broad circumscription for C. krakakammae proposal with respect to 
C. comitans, we compare newly-generated DNA sequences from C. comitans from New Zealand with published 
sequences for C. khasiana as C. krakakammae from China. Samples of C. krakakammae from Africa were not 
available for DNA sequencing for this study. In addition, we compared the morphology of herbarium samples 
of C. comitans from New Zealand and Tasmania including the isolectotype, to the holotype and isotype of 
C. krakakammae, and compared available descriptions. 

Materials and Methods 

Genomic DNA was extracted from two samples of fresh material of Cheilolejeunea comitans from New 
Zealand with a modified-CTAB DNA extraction method (steps 1, 3-7 from Table 1 in Shepherd and McLay, 
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2011). The nuclear ribosomal internal transcribed spacer 1 and 2 including the 5.8S ribosomal subunit (nrlTS) 
was amplified with the primers of Hartmann et al (2006). Two chloroplast loci were also amplified: the trnL 
(UAA) 5 'exon - trnF (GAA) intergenic spacer (trnLF) was amplified using the primers of Taberlet et al. (1991) 
and the transfer RNA®^' (UCC) {trnG) was amplified with Pacak and Szweykowska-Kulinskas (2000) primers. 

Table 1. Specimens used for phylogenetic analysis in this study, including herbarium voucher information and GenBank 
accession numbers. 

Species Voucher GenBank accession numbers 

trnL-F trnG ITS 

Cheilolejeunea aurlfera /. Holz CROO-0812 (GOET) KT190825 KT190883 KT190949 

Cheilolejeunea comitans WELT HOI4163 MK294020 IV1K294018 IV1K294016 

Cheilolejeunea comitans WELT HOI4265 MK294021 IVIK294019 IV1K294017 

Cheilolejeunea ecarinata 4. Vojtko 9427/AS (EGR) - KT190878 KT190944 

Cheilolejeunea krakakammae R.L Zhu 20070319-7 (HSNU) KT190814 KT190869 KT190935 

Cheilolejeunea laevicalyx 5.R. Gradstein 10104 (GOET) KT190820 KT190875 KT190941 

Cheilolejeunea laevicalyx 5.R. Gradstein & A. Velasquez s.n. (GOET) - KT190876 KT190942 

Cheilolejeunea laevluscula 4. Schafer-Verwimp & 1. Verwimp 23802A (HSNU) KT190813 KT190868 KT190934 

Cheilolejeunea mimosa 4. Schafer-Verwimp & 1. Verwimp 13664 (GOET) KT190821 KT190877 KT190943 

Cheilolejeunea plurlpllcata 4. Schafer-Verwimp & 1. Verwimp 23883B (HSNU) KT190811 KT190867 KT190932 

Cheilolejeunea pocsii T. Rocs etal. 04017/41/1/(EGR) KT190812 - KT190933 

Cheilolejeunea roccatll E. FischerX-RWA-1120 (Herb. Schafer-Verwimp) KT190802 KT190858 KT190923 

Cheilolejeunea trifarla 4. Schafer-Verwimp & 1. Verwimp 22434 (GOET) KT190817 KT190872 KT190938 

PCR amplifications were performed in 12 pi reactions with lx Mytaq reagent buffer (Bioline, Australia), 5 pmol 
of each primer and 1 M betaine. PCR thermocycling conditions followed Ye et al (2015) for ITS and Shaw et al 
(2005) for the two chloroplast loci. PCR products were purified by adding 0.5 U shrimp alkaline phosphatase 
(SAP, USB Corp.) and 2.5 U exonuclease I (Exol, USB Corp.) and digested at 37°C for 15 minutes, followed by 

inactivation of the enzymes at 80°C for 15 minutes. Sequencing was performed with the ABI Prism Big Dye 
Terminator cycle sequencing kit version 3.1 on an ABI 3730 DNA sequencer (Macrogen, Seoul, Republic of 

Korea) and sequences were edited in Sequencer 5.2.3 (Cene Codes Corporation). 

The newly-generated sequences were aligned to published sequences (Table 1) from Ye et al (2015) using 
MAFFT 6.849 (Katoh and Toh, 2008), at the EMBL-EBI online server, with default settings. Regions of low 
homology at each locus were detected and removed using Cblocks (Talavera and Castresana 2007), with the 
least restrictive settings. 

Maximum likelihood (ML) analyses were performed on the individual and combined datasets with the 
PhyML v3.0 web server (http://www.atgc-montpellier.fr/phyml/; Cuindon et al 2010), with the best-fit model 

of sequence evolution determined with Smart Model Selection (Lefort et al 2017). Heuristic searches were 
performed with 10 random addition sequence replicates and SPR branch-swapping and branch support was 
assessed with 1000 bootstrap pseudoreplicates. 

Bayesian analyses (BA) was performed with MrBayes v3.2.1 (Huelsenbeck and Ronquist 2001). Two 
concurrent analyses were run, each with four Markov chains of five million generations and sampling every 
1000 generations. Each locus was assigned as a separate partition and rates allowed to vary across partitions. 
For each locus the best-fit model of sequence evolution was determined using the Akaike information criterion 
(AIC) in jModelTest v2.1.7 (Darriba et al 2012). The first 20% of samples were discarded as “burn-in”, after 
this point the standard deviation of split frequencies was below 0.01. Tracer v.1.6 (Rambaut and Drummond 
2009) was used to confirm that stationarity had been reached. Trees were rooted with Cheilolejeunuea roccatiU 
based on Ye et aVs (2015) phylogeny. 

Herbarium specimens from throughout the range of Cheilolejeunea comitans in New Zealand and Australia 
were examined and compared with the isolectotype of C. comitans, (S-B47667) and with the types and 
descriptions of the types of C. krakakammae (holotype S-B30191 and isotype S-B30192). For the purposes of 
examination of (S) type materials, digital images of selected features were made available online, courtesy of 
Lars Hedenas. 
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Results 

The two Cheilolejeunea comitans specimens had identical trnLV and trnG sequences and differed at the ITS 
locus by specimen WELT HO 14265 having one more T in a mononucleotide run than WELT HO 14163. All 
sequences have been deposited in GenBank (Accession numbers MK294016- MK294021), and sequences 
used in the analysis are provided in Table 1. The initial MAEET alignment across all loci was 2622 bp in 
length. The removal of ambiguous alignment positions by Gblocks resulted in a final alignment of 2386 bp, of 
which 304 characters were parsimony informative. The maximum likelihood (ML) and Bayesian analyses (BA) 
of the individual and combined datasets resulted in trees with similar topologies (Lig. 1) In all analyses the 
C. comitans specimens did not cluster with the C. khasiana as C. krakakammae sequence from Ye et al (2015). 
Instead C. comitans formed a clade with C. laevicalyx and C. mimosa with strong support (100% BS ML, 1.00 
PP). The C. khasiana sequence was sister to C. laeviuscula (100% BS ML, 1.00 PP) with these forming a clade 
with C. pluriplicata and C.pocsii (99% BS ML, 1.00 PP). 

Morphological differences between, Cheilolejeunea comitans, C. mimosa and C. laevicalyx 

Although the three species, Cheilolejeunea mimosa (Hook.f. & Taylor) R.M.Schust., C. comitans and 
C. laevicalyx (J.B.Jack & Steph.) Grolle grouped together in the same clade in the phylogeny (Pig. 1), they are 
clearly morphologically distinct. Two Australasian species, C. mimosa and C. comitans were both included 
by Grolle in his study of the Lejeuneaceae of Tasmania, based on an examination of types and of herbarium 
records (Grolle 1982). Detailed description and illustrations of C. laevicalyx, a species from Bolivia, Columbia 
and Equador are included by Zhu (2006) in his study of C. krakakammae and treated as distinct from that 
species. These sources have been drawn on, together with images of the isolectotype (S-B47667) of C. comitans, 
for the following analysis with additional notes on C. mimosa from images of the C. mimosa lectotype (PH 
00079610). What follows is a summary of the morphology of these three species. 

Cheilolejeunea roccatii E. Fischer X-RWA-1120 {Herb. Schafer-Verwimp) 

68/1.00 

99/1.00 

66/- 

Cheilolejeunea ecarinata A.Vojtko 9427/AS (EGR) 

Cheilolejeunea pocsii T. Poes et al. 04011/AW (EGR) 

Cheilolejeunea pluriplicata A. Schafer-Verwimp & I. Verwimp 23883B (GOET) 

Cheilolejeunea laeviuscula A. Schafer-Verwimp & I. Verwimp 23802A (GOET) 

100/1.00 

— Cheilolejeunea krakakammae R.L. Zhu 20070319-7 (HSNU) 

Cheilolejeunea aurifera I. Holz CROO-0812 (GOET) 

- Cheilolejeunea trifaria A. Schafer-Verwimp & I. Verwimp 22434 (GOET) 

-Cheilolejeunea laevicalyx S.R. Gradstein 10104 (GOET) 

100/1.00 
Cheilolejeunea mimosa A. Schafer-Verwimp & I. Verwimp 13664 (GOET) 

0.01 

86/1.00 

81/1.00 
100/1.00 

-Cheilolejeunea laevicalyx S.R. Gradstein & A. Velasquez s.n. (GOET) 

Cheilolejeunea comitans WELT H014163 

Cheilolejeunea comitans WELT HOI 4265 

Fig. 1. Phylogram from the maximum likelihood phylogenetic analysis showing C. comitans does not group with the 

Asian C. khasiana (labelled as C. krakakammae in this tree). Support values are given in the order of; maximum likelihood 

bootstrap support and posterior probability in the Bayesian inference. 
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Cheilolejeunea comitans: Perianth mostly eplicate, exceptionally with rounded to obtuse keels’, with circular 
apical depression, rostrum 4-)5-7(-8) cell tiers with distal dilation, second lobule tooth sharp single celled, 
first tooth single-celled, rectangular, and is not prominent, ventral merophyte 2-cells wide. 

Cheilolejeunea mimosa: Perianth sharply pentacarinate, obovate, without circular apical depression, rostrum 
2 or 3 cell tiers without distal dilation, second lobule tooth sharp single-celled, first tooth single cell, rectangular, 
and is not prominent, ventral merophyte 2 cells wide. 

Cheilolejeunea laevicalyx: Perianth obovoid or pyriform. 0.83-1.8 mm long, eplicate or with 3-4 keels, truncate 
or retuse, rostrum indistinct or absent, lobule second tooth rounded single cell or is inconspicuous, first tooth 
usually a prominent two or three-celled bulge, ventral merophyte 3-5 cells wide. 

Morphological comparison of C. comitans and C. krakakammae 

Morphological evidence for distinguishing between C. comitans and C. krakakammae is most readily obtained 
from the gynoecium. What follows is a summary of the gynoecium of C. comitans and C. krakakammae, 
highlighting the differences between them, also presented in Table 2. 

Table 2. Summary comparison of gynoecial morphology of C comitans and C krakakammae, with additional notes on 
C khasiana based on Zhu et a/. (2002), and including the synonym of C khasiana, C. giraldiana (Mass.) Mizut. based on 
Asthana et al. (1995) and Mizutani (1982). 

C. comitans C. krakakammae C. khasiana 

Perianth shape pyriform-turbinate obovoid obovoid 

Perianth length 0.47-0.55 mm 0.6-0.7 mm 0.75-0.9 mm 

Perianth width 0.35-0.4 mm ca 0.35-0.5 mm 0.45-0.5 mm 

Perianth widest >0.7 from base <0.7 from base <0.7 from base 

Bracteole/perianth ratio (0.8-) 1 ca 0.6 ca 0.55 

Perianth circular apical depression yes no no 

Rostrum cell tiers (4-) 5-7 (-8) 3-6 (-12) 4-5 

Rostrum distal dilation yes no no (inferred) 

Plication Rare, not observed Mostly ecarinate or with 

3-4 broad keels 

Mostly ecarinate or with 

3-4 broad keels 

Gynoecium of Cheilolejeunea comitans: Cheilolejeunea comitans has usually been recognised by the features 
of the gynoecium, which are distinctive and well-illustrated in the images of the isolectotype (Figs 2 and 3). The 
perianth is pyriform-turbinate, eplicate, tumid, widest just below the apex, with a shallow apical depression 
from which the rostrum arises. The rostrum (4-)5-7(-8) tiers of cells, which terminates with a distal dilation, the 
diameter at the apex greater than the median diameter. The bracteole is large, approximately the length of 
the perianth to which it is closely appressed, completely obscuring the perianth in ventral view, save for the 
gap between the bracteole lobes. The perianth in dorsal view is similarly largely obscured by the overlapping 
female bracts leaving only the apical section of the perianth visible between the leaves. 

Twenty herbarium specimens of C. comitans were examined, three from Tasmania, and 17 from New Zealand, 
all of which were epiphytic. Except for rostrum distal dilation, the characteristic gynoecial features described 
were evident in the perianths of all specimens examined. The distal dilation of the rostrum showed variation 
from flanged to infundibulate to weak, occasionally absent. Expression was mixed within the collections. Of 
the 20 specimens examined, seven had some perianths with flanges, 12 had perianths with funnels, 13 had 
perianths with weak dilation and four collections had perianths without rostrum dilation. Only one scant 
collection had perianths with no distal dilation. All the perianths observed were eplicate. 

In the protologue of Lejeunea comitans Taylor (1846), described the perianth as obcordate triquetrous. In 
his treatment of the Lejeuneaceae of Tasmania Grolle (1982) dismissed the protologue description of the 
perianth as triquetrous as being an artefact arising from pressing. He described the perianth as cylindrical and 
completely without carinae or with apex wide with three weak keels (bder apical breit schwach dreifaltig’). 
In her key to the species of Cheilolejeunea in Australia Thiers (1997) characterised C. comitans as completely 
lacking keels. In contrast, a later key to the species of Cheilolejeunea in Australia (Zhu and Lai 2002), the 
perianth is described as mostly ecarinate or sometimes with 3-4 rounded to obtuse keels, 2 lateral keels and 
1-2 ventral ones. In Zhu (2006) there is a single image of the C. comitans perianth. Fig. 1 n, which shows the 

pyriform-turbinate shape, without plicae or apical depression, and with a rostrum without distal dilation. 
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Fig. 2. Ventral view of C. comitans type (S) B47667 gynoecium with rostrum and with visible perianth apex between 

bracteole lobes. 

Our observation of the herbarium specimens in this study found all to be ecarinate We conclude the reported 
plication of the C. comitans gynoecium to be uncommon. Examination of the morphology of the C. comitans 
gynoecium, including the isolectotype, shows it to be relatively constant. Perianth dimensions exhibit some 
variation with perianth width 0.34-0.4 mm and perianth length 0.47-0.55 mm. Rostrum cell tier numbers 

are (4-)5-7(-8) and length 60-75 pm. Very occasionally, perianths at maturity extend beyond the bracts and 
bracteole by 0.2x perianth length. 

Gynoecium of Cheilolejeunea krakakammae types: The perianth, if not the full gynoecium, of C. krakakammae 
(Figs 4 and 5) has been described by Jones (1988) and by Zhu (2006) based largely on or including type 
materials. Zhu (2006) included an illustration of a C. comitans perianth but not a C. khasiana perianth. Zhu’s 
description of C. krakakammae combines observations of C. krakakammae, C. comitans, C. khasiana and other 
synonyms using types and other material, and cannot be used to find distinguishing characters of the three. 
Jones’ (1988) descriptions have a small number of C. krakakammae synonyms and limited geographic range in 
Africa , Kivu Volcan Ninagongo (Kivu Nyiragongo DR Congo),Tanzania, Natal (RSA), Transvaal (RSA),Cape 
Province (RSA Type locality), and Madagascar and are, perhaps, more informative. Perianth illustrations 
drawn from the types are provided by both authors, Jones (1988: p. 151, Fig. 1 a-d), and Zhu (2006: p. 192 
Fig. Id, h-m, o-q). These provide relevant evidence. 
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Fig. 3. Dorsal view of C. comitans type (S-B 47667) gynoecium with perianth largely obscured by bracts. 

Jones’ (1988: Fig. Ic) illustrates a ventral view of a type gynoecial stem with innovations, bracteole and 
perianth but without bracts. In the accompanying description including synonyms, perianths are described as 
'0.6-0.7 mm long, pyriform, varying from obscurely 5-carinate to almost terete and ecarinate when mature, 
dorsally more or less convex with median keel usually absent, less often weak and low; lateral keels around 
the apex distal parts of the flanks are very narrow to moderately wide at least the median part of the ventral 
surface, and often the whole of the ventral surface, strongly and broadly inflated, either ecarinate or distally 
with two obtuse ill-defined, more or less confluent keels, thus bluntly angled rather than carinate. Rostrum 
slender, often conspicuously long (c), up to 50-80 microns long'. Measurements derived from Fig.l (c) show 
the perianth to be 0.65 mm long and the bracteole 0.43 mm long, ca. 70% perianth length. Zhu’s Fig. 1 also 
provides a ventral view of a type gynoecial branch (c) with a bracteole ca. 0.6 mm long but the perianth is post 
discharge and dimensions uncertain. Variation in type perianth form and size, including plication is shown in 
Fig. 1 (o, p, and q), while variation in plication is further illustrated in the perianth cross sections. Fig. 1 (h-m). 
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Fig. 4. Ventral view of a selected C. krakakammae holotype (S-B30191) gynoecium with rostrum and plication. 

Distal rostrum dilation was present in almost all C, comitans specimens examined in this study and in the 
isolectotype (S-B 47667) images (Figs 2, 3). Jones (1988) and Zhu (2006) in their treatments and illustrations 
of the C krakakammae type make no mention of rostrum dilation and we infer that it was absent in the 
specimens they examined. This is consistent with our observation of absence of dilation in three different 
C. krakakammae S type images viewed online, including in Figs 4 and 5. Further, we infer absence of dilation 
in C. khasiana, as noted in Table 2, on the grounds it was not mentioned by Zhu et al (2002), Asthana et al 
(1995) or Mizutani (1982). It is curious, however, that neither Grolle (1982) nor Zhu (2006) made reference to 
the rostrum in their descriptions of C. comitans. 

Notes on additional specimens. Three additional Australian specimens are referred to by Zhu, CANB 551228 
(Duplicates in NICH, NY, JE), Engel 14608 (JE), and Norris 33495 (JE). Engel 14609 and Norris 33495, not 
seen as part of this study, were identified as C. comitans by Grolle (1982), prior to their placement by Zhu in 
C. krakakammae. CANB551228! is cited by Zhu as an example of eplicate and plicate perianths on the same 
plant. Apart from a small eplicate paper-fold sample separated by Zhu, the plant has sharply plicate ventral 
and lateral carinae. It does not have any of the characteristic features of C. comitans, and thus lies outside the 
scope of this study. 
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Fig. 5. Ventral view of a selected C. krakakammae isotype (S-B30192) gynoecium with rostrum and plication. 

Discussion 

Relationships inferred from molecular data refute the hypothesis that Cheilolejeunea comitans from New 
Zealand, and C. krakakammae from China included in the phylogeny presented by Ye et ah (2015) are the same 
species. It follows that the proposal of a pantropical and Pacific distribution for C. krakakammae including 
the Australasian C. comitans is not tenable. The C. krakakammae sequences from China were from the former 
C. khasiana (R-L Zhu pers. comm.), a taxon widespread in Asia. This outcome raises interesting questions 
about the status of C. khasiana and other species placed in synonymy of C. krakakammae, unfortunately 
C. krakakammae from Africa has not been included in any molecular study. In the absence of African C. 
krakakammae samples for sequencing for this study we have assembled morphological evidence to support 
the argument that C. comitans is not the same species as C. krakakammae, based on the distinctive gynoecial 
morphology of C. comitans from throughout its range in Australasia. When compared with the gynoecium of 
the C. krakakammae type material, the C. comitans gynoecium is consistently smaller, with a terete pyriform- 
turbinate perianth, a circular apical depression from which a rostrum arises with variable distal dilation, and 

the perianth is largely or wholly enclosed by bracts and a relatively large bracteole. Plication has been reported, 
but not seen in the herbarium material examined. The C. krakakammae s.s. gynoecium, by contrast, is both 
described and seen in the illustrations as variable in size, shape, degree of plication or eplicate, and in rostrum 
length. No gynoecia with the distinctive combination of features of C. comitans have been described for 
C. krakakammae or for C. khasiana. The distinctive gynoecium, together with the molecular evidence support 
the reinstatement of C. comitans, which we propose. 
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Specimens Examined: Australia: Tasmania: Pieman River, S bank, 41°38'57.8"S 145°03'48.8"E, 10 m, 4 Feb 
2015, LH. Cave 2763, (HO 579926); Granville harbour, 41°49'S 145°03'E, 50 m, 16 May 2013, /. Jarman s. n., 
(HO 570624); Manuka Road, 43°06'S 146°4TE, 100 m, 5 May 1998,/. Jarman s.n. (HO 588715). New Zealand: 
North Island: Waipoua, Lookout Track, 35°39.80'S 173°34.30'E, 250 m, 28 Nov 1994, D.S. Glenny 5471, (WELT 
H010449); Waipoua, Waipoua River Road, 35° 39.0'S 173°29.9'E, 20 m, 27 Nov 1994, D.S. Glenny 5471, (WELT 
H010446); Coromandel Peninsula, Coroglen, 36°56.62'S, 175°40.20'E, 50 m, 6 Dec 2016, P. Beveridge PE-3a, 
(WELT H014163); Kaimai Ranges, Kaimai Summit, Loop Track, 37°52.42'S, 175°55.70'E, 460 m, 21 Nov 2013, 
P. Beveridge NW-47b, (WELT HO 13351); Kaimai Ranges, Dickey Flat Road,bank ofWaitawheta River 37°26.25'S 
- 175°44.85'E, 100 m, 1 Dec. 2014, P. Beveridge NX-22a, (WELT H013369); Katikati, end of Hot Springs Road 
off SH 2, Tuahu Track, 37°35.92'S - 175° 55.55'E, 180 m 2 Dec 2014, P. Brownsey s.n., (WELT H013550); 20 km 
S of Katikati, Te Tuhi Track, 37°45.77'S 175°57.60'E, 380 m, P. Beveridge NV-72a, (WELT HO 13455); Mangatoa 
Scenic Reserve, 38°25.68'S 174°42.85'E, 160 m, 4 Dec 2014, P. Beveridge OA-50a, (WELT H013574); Pureora 
Forest Park, Karamarama Stream, 38°28.60'S 175°33.83'E, 540 m, 2 Dec 2016, P. Beveridge PA-10, (WELT, 
H014196); 30 km W of Otorohanga, Appletree Rd, near Kokakoroa, 38°18.13'S 174°58.10'E, 280 m, P. Beveridge 
NZ-18 (WELT H013556); 2 km S of Waikawau, Manganui Gorge Scenic Reserve, 38°29.22'S 174°41.70'E, 80 
m, P. Beveridge OB-36a, (WELT H013406); 8 km W of Ohura on Tongaporutu Mangaroa Rd (SH 40) near 
Waitanga Saddle track toTV mast, 38°51.82'S 174°55.60'E, 550 m, P. Beveridge MW-32a, (WELT H012960); 
Tangarakau Gorge, Mangapapa Stream track, 38°58.88'S - 174°49.22'E, 40 m, 4 Eeb 2014, P. Beveridge NG-20a, 
(WELT H013283); Whangamomona Scenic Reserve, 39°8.70'S 174°44.35'E, 180 m, 19 Nov 2013, P Beveridge 
MU-76, (WELT HO 12969); Karioi Station Road, Rotokura Ecological Reserve, 39°26.25'S 175°31.17'E, 680 m, 
25 Nov 2013, P Beveridge NC-1, (WELT H013268); South Island: Nelson, Pelorus Bridge, (derived coordinates 
41.29297° S 173.57164°E, 80 m) Jan 1945, A.R. Hodgson s.n., (CHR 627378); Greymouth, Omoto forest, 
43°31.13'S 171°16.37'E, 293m, 6 May 2002, M.A.M. Renner s.n. (CHR 583696). 

Acknowledgements 

We are particularly grateful to Lars Hedenas of the Swedish Museum of Natural History herbarium for the 
careful preparation of images of C. comitans and C. krakakammae type material for examination online. Our 
thanks are also extended to Lynette Cave of the Tasmanian Museum and Art Gallery herbarium, HO, for 
the loan of Tasmanian C. comitans specimens, to Brendan Lepschi, Chris Cargill and Judith Curnow of the 
Australian National Herbarium (CANB) far specimen loan and comment, and to Mary Korver and Sue Gibb 

at CHR, the Allan Herbarium at Landcare Research, Lincoln for the loan of specimens. We are grateful to 
Itambo Malombe of the East African Herbarium, Nairobi, for his interest in this project and for advice on 
availability of suitable C. krakakammae material for sequencing. Our thanks are extended also to Antony 
Kusabs for assistance in obtaining specimens for examination, to Leon Perrie and Patrick Brownsey for advice 
and assistance in the field, and to David Glenny for advice on this study and for reading the draft. We wish also 
to acknowledge the helpful comments by the two reviewers. 

References 

Asthana G, Srivastava SC, Asthana AK (1996) [1995] The genus Cheilolejeunea in India. - Lindbergia 20: 125- 
143. 

Beveridge P, Glenny D. Shepherd L (2019) Cheilolejeunea morganii, (Lejeuneaceae, Marchantiopsida), a newly 
described species from lowland indigenous forest sites in New Zealand. Journal of Bryology 41: 157-165. 
https://doi.Org/10.1080/03736687.2019.1584432 

Darriba D, Taboada GL, Doallo R, Posada D (2012) jModelTest 2: more models, new heuristics and parallel 
computing. Nature Methods 9: 772. https://doi.org/10.1038/nmeth.2109 

Grolle R (1982) Ubersicht der Lejeuneaceae in Tasmanien. Wissenschaftliche Zeitschrift der Friedrich-Schiller- 
Universitaet Jena. Naturwissenschaftliche Reihe 31: 201-221. 

Guindon S, Dufayard JE, Lefort V, Anisimova M, Hordijk W, Gascuel O (2010) New algorithms and methods 
to estimate maximum-likelihood phylogenies: assessing the performance of PhyML 3.0. Systematic Biology 
59: 307-321. https://doi.org/10.1093/sysbio/syq010 

Hartmann EA, Wilson R, Gradstein SR, Schneider H, Heinrichs J (2006) Testing hypotheses on species 

delimitations and disjunctions in the liverwort Bryopteris (Jungermanniopsida: Lejeuneaceae). Jnternahona/ 
Journal of Plant Sciences 167:1205-1214. https://doi.org/10.1086/508023 

Huelsenbeck JP, Ronquist FR (2001) MRBAYES: Bayesian inference of phylogenetic trees. Bioinformatics 17: 
754-755. https://doi.Org/10.1093/bioinformatics/17.8.754 



98 Telopea 22: 89-98, 2019 Beveridge and Shepherd 

Katoh K, Toh H (2008) Improved accuracy of multiple ncRNA alignment by incorporating structural 
information into a MAFFT-based framework. BMC Bioinformatics 9: 21. https://doi.org/10.1186/1471- 
2105-9-212 

Lefort V, Longueville J-E, Gascuel O (2017) SMS: Smart model selection in PhyML. Molecular Biology and 
Evolution 34: 2422-2424. https://doi.org/10.1093/molbev/msxl49 

Jones EW (1988) African hepatics. XXXVIII. Cheilolejeunea subgenus Strepsilejeunea (Spruce) Schust., with 
special references to East Africa. Journal of Bryology 15:149-160. https://doi.Org/10.1179/jbr.1988.15.l.149 

Mizutani M. (1982) Notes on the Lejeuneaceae. 6. Japanese species of the genus Cheilolejeunea. - Journal of the 
Hattori Botanical Laboratory 51:151-173. 

Pacak A, Szweykowska-Kulinska Z (2000) Molecular data concerning alloploid character and the origin of 
chloroplast and mitochondrial genomes in the liverwort species Pellia borealis. Journal of Plant Biotechnology 
2: 101-108. 

Rambaut A, Drummond AJ (2009) Tracer, version 1.6, available at: http://tree.bio.ed.ac.uk/software/tracer/ 

(accessed 23 July 2019). 
Shaw J, Lickey EB, Beck JT, Earmer SB, Liu W, Miller J, Siripun KC, Winder CT, Schilling EE, Small RE (2005) 

The tortoise and the hare II: Relative utility of 21 noncoding chloroplast DNA sequences for phylogenetic 
analysis. Amcncan Journal of Botany 92:142-166. https://doi.Org/10.3732/ajb.92.l.142 

Shepherd ED, McLay TGB (2011) Two micro-scale protocols for the isolation of DNA from polysaccharide- 
rich plant tissue. Journal of Plant Research 124: 311-314. https://doi.org/10.1007/sl0265-010-0379-5 

Taberlet P, Gielly L, Pautou G, Bouvet J (1991) Universal primers for amplification of three non-coding regions 
of chloroplast D'NA. Plant Molecular Biology 17:1105-1109. https://doi.org/10.1007/BP00037152 

Taylor T (1846) New Hepaticae. London Journal of Botany 5: 258-284,365-417. 
Talavera G, Castresana J (2007) Improvement of phylogenies after removing divergent and ambiguously 

aligned blocks from protein sequence alignments. Systematic Biology 56: 564-577. https://doi. 
org/10.1080/10635150701472164 

Thiers BM (1997) Cheilolejeunea in Australia: description of new taxa and key. Journal of the Hattori Botanical 
Laboratory. 82: 321-328. 

Ye W, Gradstein SR, Shaw J, Shaw B, Ho B-C, Schafer-Verwimp A, Poes T, Heinrichs J Zhu R-L (2015) 
Phylogeny and classification of Lejeuneaceae subtribe Cheilolejeuneinae (Marchantiophyta) based on 
nuclear and plastid molecular markers Cryptogamie, Bryologie 36: 313-333. https://doi.org/10.7872/cryb/ 
v36.iss4.2015.313 

Zhu R-L (2006) Taxonomy and distribution of Cheilolejeunea krakakammae (Lejeuneaceae, Jungermanniopsida, 
Marchantiophyta), with a description and illustrations of Cheilolejeunea laevicalyx from Bolivia, Colombia 
and Ecuador. Nova Hedwigia 83: 187-198. https://doi.Org/10.1127/0029-5035/2006/0083-0187 

Zhu R-L, So ML Wang YE (2002) The genus Cheilolejeunea (Hepaticae, Lejeuneaceae) in China. Nova Hedwigia 
75: 387-408. https://doi.Org/10.1127/0029-5035/2002/0075-0387 

Zhu R-L, Lai M-J (2005) Cheilolejeunea decursiva (Sande Lac.) R.M.Schust. and C. ventricosa (Schiffn.) X.L.He 
(Lejeuneaceae. Hepaticae) new to Australia. Journal of the Hattori Botanical Laboratory 98:193-203. 

Manuscript received 11 April 2019, accepted 16 July 2019. 



Volume 22: 99-134 

Publication date: 20 September 2019 

dx.doi.org/10.7751 /telopeal 3056 

Telopea 
Journal of Plant Systematics 

The Royal 
Botanic Gardens 

& Domain Trust 

plantnet.rbgsyd.nsw.gov.au/Telopea • escholarship.usyd.edu.au/journals/index.php/TEL • ISSN 0312-9764 (Print) • ISSN 2200-4025 (Online) 

Revised keys and additions to the Australian Bryaceae 
(Bryopsida) 

John R. Spence^'^and Helen P. Ramsay^ 

^California Academy of Sciences, Department of Botany, 55 Music Concourse Dr., 

Golden Gate Park, San Francisco, CA 94118-4503, USA. 

^National Herbarium of New South Wales, Royal Botanic Gardens and Domain Trust, 

Mrs Macquaries Road, Sydney, NSW2000, Australia. 

^Corresponding author: Bryum500.JS@gmail.com 

Abstract 

Revised keys to the Bryaceae for the Flora of Australia and its offshore islands are presented, including new 
keys to genera and to species within each genus following recent molecular studies on the family. Fifty-nine 
named species and two undetermined taxa are included in the treatments. The first record of Leptostomopsis 
pulchra (Hook.) Ochyra & Bedn.-Ochyra is reported from near Melbourne, Victoria as a new genus and species 
for Australia. Explanatory notes for each species are included, and comparisons made with the closely similar 
Bryaceae of New Zealand where relevant. 

Introduction 

The family Bryaceae was revised for the Bryophyte Flora of Australia by Spence and Ramsay (2006) and later 
updated in Australian Mosses Online (Spence and Ramsay 2012). Numerous changes in the taxonomy of 

the family have been published based on both morphological and molecular studies (Pedersen et al. 2007; 
Holyoak and Pedersen 2007; Spence 2005,2007,2009,2014; Spence and Ramsay 2005; Wang and Zhao 2009). 
Although results from morphological and genetic studies are not entirely consistent, particularly within 
terminal clades, they do agree in several important ways. There is a deep split in the family into two major 
sister clades, one exemplified by Ptychostomum Hornsch. and related genera including Rhodobryum (Schimp.) 
Limpr. and Rosulabryum J.R.Spence, while the second clade is resolved with Anomobryum Schimp. Bryum 
Hedw, Gemmabryum J.R.Spence & H.P.Ramsay and Imbribryum N.Pedersen. Although sporophytes are often 
essential for identification, leaf areolation and types of asexual gemmae can often place the specimen in the 
appropriate genus (Spence and Ramsay 2012). For example the two clades mentioned above differ in details of 
their specialized asexual gemmae as well as leaf characters. The most recent treatment dealing with changes in 
taxonomic concepts is discussed in Spence (2014). 

© 2019 Royal Botanic Gardens and Domain Trust 
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Fig. 1. Various Bryaceae. A: Rosulabryum subfasciculatum, dry (David Meagher). B: Gemmabryum pachytheca (David Tng) 

C; Rosulabryum torquescens (Ron Oldfield). D: Bryum argenteum (David Tng). E: Gemmabryum dichotomum (David Tng). F; 

Rosulabryum alboUmbatum (David Meagher). G: Gemmabryum coronatum (David Meagher). Photos used with permission. 
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In addition to these taxonomic changes, new species that have come to light in Australia based on field and 
herbarium studies include three new species records for the family (Spence and Ramsay 2013). More recent 
discoveries include the first record of the genus Leptostomopsis (Mull. Hal. ex Broth.) J.R.Spence & H.RRamsay 
for Australia. In the light of these taxonomic changes and additions, we present newly revised keys to the genera 
and species of the Bryaceae for Australia and its offshore islands. The keys include two distinct but unnamed 
collections: one in Gemmabryum J.R.Spence &: H.RRamsay and one in Plagiobryoides J.R.Spence. Included in the 
keys are two New Zealand species that may be found with additional field work in Tasmania and southeastern 
Australia. Where relevant, comparisons are made with the recent treatment of the Bryaceae of New Zealand (Fife 
2015). Notes on each species, including changes in status and distribution, are included. The following 11 genera are 
presently accepted - Anomobryum Schimp., Brachymenium Schwagr., Bryum Hedw, Gemmabryum J.R.Spence & 
H.RRamsay, Imbribryum N.Redersen, Leptostomopsis (Miill. Hal. ex Broth.) J.R.Spence &:H.R.Ramsay, Ochiobryum 
J.R.Spence & H.RRamsay, Plagiobryoides J.R.Spence, Ptychostomum Hornsch., Rhodobryum (Schimp.) Limpr., 
and Rosulabryum J.R.Spence. Figure 1 shows colour photographs of selected species. 

New Record 

An Australian herbarium specimen distinguished by its small size, densely compact cushions, silver-green 
colouration, extremely long spinose awn and numerous small leafy bulbils in the upper leaf axils is here attributed 
to Leptostomopsis pulchra (Hook.) Ochyra & Bedn.-Ochra, which is the first report of the genus for Australia. The 
specimen, although sterile, agrees well with named African material of L. pulchra that we have examined. 

Specimen examined: Australia, Victoria: Cape Schank, Mornington Reninsula, woody debris on light sandy 
soil under Leptospermum laevigatum and Melaleuca pubescens, 16 Feb 1952, JH Willis 19IW (MEL 1031404). 

Key to the Genera of the Bryaceae in Australia 

Useful illustrations and photographs of species and especially gemmae can be found in Malcolm and Malcolm 
(2000), Rreussel et al (2007), Hallingback et al. (2008), and Porley (2008). Additional images for many species 
can also be found online. 

1. Stems short, mostly <10 mm, slender, evenly foliate, often julaceous; plants green, yellow-green to silver- 
white; leaves typically <1.0 mm, imbricate; proximal laminal cells quadrate to short-rectangular, distal 
cells longer, transition often abrupt; dioicous.2 

1: Stems short to long, rarely julaceous (if so then plants large and either green or with brown to red tints), 
comose, tufted to evenly foliate; plants green, yellow-green, red, pink-silver; leaves (0.5-) 1.0-10.0 mm, 
imbricate to contorted or shrunken; proximal laminal cells variously quadrate, short to long-rectangular, 
transition abrupt or not, distal cells short or long; dioicous, synoicous or autoicous.4 

2. Plants in dense cushions; leaves silver-green, with long, spinose, hyaline awn, length 0.5-1 x leaf length; 
distal laminal cells rhomboidal, 3-4:1; capsule long-cylindrical, erect; peristome reduced, cilia absent 
(1 species from near Melbourne, VIC).6. Leptostomopsis 

2: Plants in turfs or loose cushions, green to silver or white; apiculus or awn sometimes present, hyaline, 
but not long-spinose, typically <0.3x leaf length, or absent; distal laminal cells short to long, rhomboidal 
to hexagonal or vermicular; capsules ovate to cylindrical, nodding, peristome well developed.3 

3. Distal and medial laminal cells elongate-vermicular, incrassate, (6-)8-10:l, plants pale yellow-green 
(1 species from QLD).Anomobryum 

3: Distal and medial laminal cells shorter, hexagonal to rhomboidal, 2-4(-6): 1, mostly thin walled, plants 
silver, white or green (widespread, 3 species).3. Bryum 

4. Stems rosulate (leaves flared in rosette when wet) or rarely evenly foliate, with ovate, obovate to 
spathulate leaves, distal leaf margins distinctly serrate; limbidium (border) usually present.5 

4: Stems comose (leaves loosely tufted but never flaring when wet) to gemmiform (leaves erect when 
wet, bud-like), bulbiform or evenly foliate, never distinctly rosulate; leaves ovate, ovate-lanceolate to 
triangular; distal leaf margins smooth to serrulate; limbidium present or absent.7 

5. Capsules erect, peristome reduced, basal membrane short usually less than half the height of the 
exostome, cilia usually absent, plants epiphytic to corticolous on rainforest trees (2 species, one in 
QLD and a possibly incorrect record from TAS).2. Brachymenium 
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5: Capsules patent to nodding; peristome generally well developed, basal membrane at least I/2 height of 
exostome, cilia present; plants mostly saxicolous or terricolous.6 

6. Stems evenly foliate; stolons present; leaves large, often >5 mm, costal stereid band reduced, gemmae 
lacking (1 species from E Australia).10. Rhodobryum 

6: Stems rosulate or rarely evenly foliate; stolons absent; leaves typically <5 mm; costal stereid band well 
developed; rhizoidal tubers and leaf axil filiform gemmae often present (widespread, 15 species) 
.11. Rosulabryum (in part) 

7. Laminal cells elongate, uniform throughout leaf except at base and alar region, many cells 
>80 to 120 pm.8 

7: Laminal cells various, rhomboidal to hexagonal or rectangular, mostly < 60(-80) pm long, areolation 
often heterogeneous, with distal and proximal cells of different lengths and shapes.10 

8. Laminal cells thin-walled, 20-30 pm wide, irregularly rhomboidal distally; leaf apex obtuse 
(2 species from subtropical and tropical regions).8. Plagiobryaides (in part) 

8: Laminal cells narrow, mostly <15 pm wide, regularly hexagonal distally; leaf apex obtuse, broadly acute 
to acuminate .9 

9. Plants often complanate, laminal cells strongly incrassate, distinct limbidium present; alar cells not 
differentiated; leaf apex obtuse to broadly acute; rhizoidal tubers absent (1 species from 
cold-climate/montane regions) .7. Ochiobryum 

9: Plants evenly foliate but never complanate; laminal cells mostly thin-walled, limbidium absent or weak; 
alar cells often differentiated as small quadrate group; leaf apex acute to acuminate; rhizoidal tubers 
present (widespread, 23 species) .4. Gemmabryum (in part) 

10. Distal laminal cells elongate, (3-)4-6:l, often incrassate, longer than the quadrate or short-rectangular 
proximal cells; stems gemmiform (short and bud-like) or elongate and evenly foliate; leaves imbricate, 
not strongly contorted or twisted when dry; limbidium absent or rarely present; rhizoidal tubers and 
leaf axil bulbils often present; capsule erect to nodding .11 

10: Distal laminal cells mostly 2-4:1, the same length or shorter than the rectangular to long-rectangular 
proximal cells; stems comose to evenly foliate; leaves generally twisted to strongly contorted when dry; 
limbidium usually present, often strong; rhizoidal tubers and leaf axil filiform gemmae sometimes 
present, bulbils absent; capsules mostly nodding.12 

11. Plants small, stems mostly <1 cm, gemmiform to evenly foliate; leaves 0.5-2.5 mm, not stiff or rigid; 
leaf axil bulbils often present, tubers if present on long rhizioids in substratum or at base of stem, often 
abundant; capsules ovate to pyriform, apophysis sometimes thickened and rugose; plants of soil or rock, 
sometimes seasonally wet (widespread; 23 species) .4. Gemmabryum (in part) 

11: Plants medium-sized or large, stems l-5(-10) cm, rarely comose to more often evenly foliate; leaves 
2.0-3.5 mm, often stiff and rigid; tubers if present on micronemata or macronemata on stem, usually 
arising out of leaf axils, scarce, sometimes absent; capsules pyriform to clavate, apophysis slender; plants 
of waterfalls, springs, wet rocks and soil (widespread, 5 species) .5. Imbribryum 

12. Leaves ovate to obovate, distal margins mostly serrulate or rarely nearly smooth; filiform leaf axil 
gemmae sometimes present, rhizoidal tubers usually present, dioicous (widespread, 15 species) 
.11. Rosulabryum (in part) 

12: Leaves ovate-lanceolate to ovate; distal leaf margins predominantly smooth or rarely serrulate; rhizoidal 
tubers absent, leaf axil filiform gemmae rarely present; dioicous or monoicous.13 

13. Plants evenly foliate; leaves ovate, costa percurrent to excurrent in short awn; distal laminal cells 
very short and wide, often nearly quadrate to 2:1, proximal cells longer, irregularly rhomboidal to 
rectangular; capsule short, ovate, with widely flaring mouth; spores >30 pm; peristome somewhat 
reduced (cilia short or absent); dioicous (2 species from tropical-subtropical regions) 
.8. Plagiobryaides (in part) 

13: Plants comose, tufted to evenly foliate; leaves ovate to ovate-lanceolate, costa excurrent in short to long 
awn; distal laminal cells mostly rhomboidal, 3-4:1, proximal cells the same length or often longer, more 
regularly rectangular; capsule pyriform to cylindrical; spores <30 pm; peristome well developed to 
variously reduced; autoicous, synoicous, or dioicous (widespread, 7 species) .9. Ptychostomum 
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D 

Fig. 2. A-B: Anomobryum auratum A: habit of sterile plant. B: leaf (W.W. Watts Q532 NSW); C-D; Bryum argenteum. 

C; habits, one with sporophyte. D: leaf (D. Sullivan s.n. MEL); E-F: Bryum lanatum E: habit with sporophye. 

F; leaf {LG. Stone 80214b MEL ); G-H: Bryum harriotii G: habit sterile. H: leaf {A.V. Ratkowsky 7.i.l978 HO. 

Scale bars 1.0 mm habit; 0.5 mm leaves; 100 pm gemmae. 
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B 

Fig. 3. A-B; Brachymenium nepalense A: habit with sporophyte. B; leaf (LG. Stone 15718 MEL); C-E; Brachymenium 

lanceolatum C: habit with sporophyte. D; capsule and operculum. E; leaf (redrawn from H. Ochi 1970 fig 1). 

Scale bars 1.0 mm habit and enlarged capsule apex; 0.5 mm leaves. 
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Keys and Brief Descriptions of species 

Each genus is described with keys and brief descriptions to each species. For more detailed data on species and 
lists with selected specimen citations refer to Spence and Ramsay (2006,2012). 

1. Anomobryum Schimp. 

Plants small, stems <30 mm, julaceous; leaves <1.5 mm, ovate; costa weak, not reaching apex, limbidium 
lacking, distal laminal cells elongate-vermicular, proximal cells quadrate; asexual gemmae absent; dioicous; 
capsule cylindrical, inclined to nodding, peristome well developed; spores <15 pm. 

A. auratum (Mitt.) A.Jaeger (Bryum auratum Mitt.): a small yellowish-green plant that is strongly julaceous, 
has a weak costa, and rounded leaf apex. Capsules have not been reported from the region. Known only from 
Queensland; a widespread paleotropical species (Fig. 2 A-B). 

2. Brachymenium Schwagr. 

Plants small to medium sized, stems 10-30 mm, ± rosulate; leaves to 3.5 mm, ovate-lanceolate to obovate; 
costa strong, excurrent in short to long awn, limbidium present, distal laminal cells rhomboidal, proximal 
cells rectangular; asexual gemmae absent; autoicous; capsule ovate to orbicular, erect, peristome reduced, cilia 
absent, endostome often fused to exostome, spores >25 pm. 

A tropical-subtropical epiphytic genus related to Rosulabryum with two species having tropical affinities with the 
type section of Brachymenium. Five species traditionally included in the genus, B. acuminatum, B. coarctatum, 
B. exile, B. indicum, B. priessianum, have been transferred to Gemmabryum (Spence and Ramsay 2005). 

Key to Brachymenium species 

1. Feaves obovate, often spirally twisted around stem when dry, red-green; tropical QFD 
.Brachymenium nepalense 

1: Feaves oblong-lanceolate, irregularly contorted when dry, yellow-brown; TAS only 
.Brachymenium lanceolatum 

Brachymenium lanceolatum Hook.f & Wilson: this species is only known from the type collection in northeast 
Tasmania and has not been found since. Spence and Ramsay (2006) discuss the possibility that it is a mislabeled 
specimen originally collected in India, where the species is common (Fig. 3 C-E). 

Brachymenium nepalense Hook, in Schwagr.: a rare tropical epiphyte which is paleotropical in distribution, 
found generally at high elevations in Queensland. The gametophyte is very similar to Rosulabyum species, 
especially R. capillare and R. torquescens, but these species are never epiphytic on rain forest trees (Fig. 3 A-B). 

3. Bryum Hedw. 

Plants small, stems 10-20 mm, gemmiform to julaceous; leaves <1.5 mm, ovate-lanceolate to ovate; costa 
variable not reaching apex to excurrent in awn, apiculus sometimes present, limbidium absent, distal laminal 
cells rhomboidal to hexagonal, proximal cells quadrate; asexual gemmae of leafy bulbils in leaf axils; dioicous; 
capsule ovate, nodding, peristome well-developed, spores <25 pm. 

These species were previously included in Anomobryum (Spence and Ramsay 2002) but have been returned to 
Bryum (Spence and Ramsay 2005). 

Key to Bryum species 

1. Plants bright green, distal laminal cells short and wide, 2-3:1, many cells >20 pm wide; apiculus lacking, 
costa not reaching apex.Bryum harriottii 

1: Plants silver-green to whitish-green; distal laminal cells, narrow, 3-4:1, mostly <18 pm wide; costa 
variable, short, with apiculus often present, to excurrent in awn.2 

2. Feaf apex broadly acute, apiculus present or sometimes absent, costa not reaching apex; plants silver- 
green, strongly julaceous; leaf axil bulbils common.Bryum argenteum 

2: Feaf apex acute to acuminate, costa strong excurrent into distinct awn, often twisted when dry; plants 
whitish, weakly julaceous; leaf axil bulbils absent.Bryum lanatum 
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Bryum argenteum Hedw. (Synonyms: Anomobryum argenteum (Hedw.) J.R.Spence & H.P.Ramsay; 
B. subrotundifolium A.Jaeger; Anomobryum subrotundifolium (AJaeger) J.R.Spence & H.RRamsay): a 
widespread silver-green species found in virtually all habitats away from the tropics, also abundant in cities. 
Bulbils are fairly common in sterile material. Some material lacks the apiculus and has been traditionally referred 
to B. argenteum var. muticum Brid. Australian material is genetically distinct from Antarctic collections, which 
often differ in being yellow-green, and has been referred to B. subrotundifolium in the past. Hills et al. (2010) 
show that Australian material of the two varieties are often genetically related. The name B. subrotundifolium 
has also been applied to the muticous Australian material, but Hills et al (2010) recovered that species nested 
within B. argenteum and it is similar to B. a. var. muticum, so the species is not recognized here (Fig. 2 C-D). 

B. harriottii R.Br. bis {^Anomobryum harriottii (R.Br. bis) J.R.Spence & H.RRamsay): a small bright green 
julaceous species with short rhomboidal distal laminal cells and obtuse leaf apices, found on damp soil in 

montane areas of New Zealand and Tasmania. It occurs on subantarctic Macquarie Island (Seppelt 2004) and 
should be looked for in montane areas of southeast Australia (Fig. 2 G-H). 

Bryum lanatum (P.Beauv.) Brid. {=Anomobryum lanatum (P.Beauv.) J.R.Spence & H.P.Ramsay): a hoary white 
species with costa strong, excurrent into a recurved awn, usually found in drier habitats than B. argenteum, 
primarily distributed in Australia but found throughout much of the drier regions of the world. The type 
of B. lanatum from Europe may simply be a dry-site form of B. argenteum and growth studies suggests that 
the strong excurrent costa is lost in greenhouse populations (Longton 1981). However, the species in the 
Australasian region seems quite distinct so it has been retained until molecular studies are done (see also 
Spence 2014) (Fig. 2 E-F). 

4. Gemmabryum J.R.Spence & H.P.Ramsay: 

Plants small, stems 10-30 mm, gemmiform to evenly foliate; leaves <2.5 mm, ovate-lanceolate to ovate; 
costa percurrent to excurrent in short to long awn, limbidium absent or weak, distal laminal cells elongate 
rhomboidal to hexagonal, proximal cells quadrate to short-rectangular; asexual gemmae include leafy bulbils 
in leaf axils, stem tubers and rhizoidal tubers at stem base or in substrate on sterile material; dioicous; capsule 
ovate, often with inflated neck, to pyriform, nodding, peristome well-developed, spores <25 pm. 

The first five species included in Gemmabryum in Spence and Ramsay (2006) keys have been moved to the 
more recently described Imbribryum (Spence and Ramsay 2013). These are G. australe, G. cheelii, G. clavatum, 
G. crassum and G. laevigatum. 

Key to Gemmabryum species 

1. Laminal areolation homogeneous, similarly shaped elongate hexagonal to rectangular cells throughout 
leaf except at leaf base near insertion and in alar region where cells shorter, some median cells >80 pm 
long.2 

1: Laminal areolation heterogeneous, cells in distal 1/3 of leaf distinctly different in shape, length and/or 
width from proximal cells in lower 1/3 of leaf, longest cells typically <70 pm .6 

2. Plants pale green, yellow-white to yellow-green, older leaves sometimes becoming hyaline; rhizoidal 
tubers absent.3 

2: Plants bright green, red-green, pink-green or red, leaves not hyaline with age; rhizoidal tubers present 
.4 

3. Plants yellow-green; capsules tapering to narrow mouth; peristome well developed; primarily southern 
species.Gemmabryum inaequale 

3: Plants green or yellow-white to silver; capsules widest at the mouth; peristome reduced, segments absent 
or rudimentary, cilia absent; primarily tropical, QLD-WA.Gemmabryum acuminatum 

4. Leaves ovate to obovate, green-red, contorted when dry; tubers red-brown, flattened with undulate 
margins.Gemmabryum tuberosum 

4: Leaves broadly lanceolate to narrowly ovate or ovate-lanceolate, imbricate to somewhat contorted when 
dry, green, pink-green or red; tubers pyriform to spherical, not flattened .5 

5. Plants red or red-green; leaves ovate-lanceolate, acuminate, limbidium distinct, costa excurrent in fairly 
long denticulate red awn; tubers red to orange, pyriform, 40-60 pm long, 1-3 cells across face, leaf axil 
bulbils not produced; autoicous or dioicous.Gemmabryum erythropilum 



Revised Keys and Additions to the Australian Bryaceae (Bryopsida) Telopea 22: 99-134, 2019 107 

5: Plants green to pink-green; leaves narrowly ovate or Ungulate, acute, limbidium absent or very 
indistinct, costa percurrent or short-excurrent, smooth, brown or green; tubers a mix of spherical and 
pyriform, red-brown, 40-100 pm long, 2-4 cells across face; leaf axil bulbils with leafy tips sometimes 
present; dioicous.Gemmabryum apiculatum 

6. Specialized asexual gemmae present as leaf axil bulbils or rhizoidal tubers (many species can only be 
identified if diagnostic asexual gemmae are present and cannot usually be identified without them) 
.7 

6: Specialized asexual gemmae lacking (species that are not known to produce asexual gemmae, or species 
that rarely produce gemmae and they are not diagnostic for those species) .22 

7. Bulbils present in upper stem leaf axils of sterile shoots, rhizoidal tubers rarely present.8 

7: Bulbils absent, rhizoidal tubers present, often common .15 

8. Plants synoicous; leaves ovate-lanceolate, costa excurrent into a medium to long denticulate awn, 
bulbils single with leafy tips; capsules erect, peristome reduced; tropical northern Australia 
.Gemmabryum indicum 

8: Plants dioicous; leaves ovate or ovate-lanceolate, costa variable, short to long-excurrent, smooth to 
denticulate, bulbils single to 4(-5) in leaf axils, generally common in sterile material, primordia well- 
developed and leafy to short and peg-like or absent; capsules nodding, peristome mostly well developed, 
rarely capsule erect with reduced peristome (G. exile)-., distributions various but often temperate 
.9 

9. Bulbils green to brown, l(-2) per leaf axil, with leafy primordia.10 

9: Bulbils green, brown, red or orange, often 2-5 per axil, primordia present or lacking or with short peg- 
like projections at the apex.14 

10. Leaves ovate, concave, glossy green or yellow-green, costa weak, percurrent to short-excurrent, distal 
laminal cells long, often 60-70 pm or sometimes longer; wet sites.Gemmabryum sullivanii 

10: Leaves ovate, ovate-lanceolate or triangular, colours various, usually not glossy, flat to weakly concave, 
costa percurrent to excurrent in short to long awn, distal laminal cells shorter, typically <60 pm long; 
seasonally wet to dry sites .11 

11. Leaves ovate, often folded lengthwise along costa, margins plane; capsule erect, peristome reduced (cilia 
lacking, endostome segments short).Gemmabryum exile 

11: Leaves ovate, ovate-lanceolate to triangular, margins recurved proximally to near tip; capsule nodding, 
peristome well-developed.12 

12. Leaves ovate-lanceolate or triangular, margins strongly recurved to near apex; capsules with distinctly 
thick and rugose neck; tropical .Gemmabryum coronatum 

12: Leaves ovate or ovate-lanceolate, recurved only at base; capsule with smooth neck, somewhat tapered to 
seta; temperate.13 

13. Bulbils (2-)3-5 or more per leaf axil; costa strong, long excurrent in somewhat denticulate awn 
.Gemmabryum sp (Baw Baw Plateau, A./. Downings.n.) 

13: Bulbils l(-2); costa short excurrent in smooth awn. Gemmabryum dichotomum 

14. Bulbils lacking apical groove and primordia, smooth; awn typically coloured, yellow, golden-brown to 
red, smooth .Gemmabryum pachythecum 

14: Bulbils with two short peg-like primordia at apex, often irregularly grooved between primordia; awn 
typically hyaline above, often denticulate .Gemmabryum eremaeum 

15. Tuber size variable, but largest tubers present small, <100 (-125) pm in largest dimension.16 

15: Tuber size variable, but largest tubers >150 pm in largest dimension, often >250 pm .17 

16. Tubers spherical, red, cell walls protuberant, 2-3 across face.Gemmabryum klinggraeffii 

16: Tubers pyriform, brown, cell walls not protuberant, 3 or more across face.Gemmabryum sauteri 

17. Plants golden-green, costa long-excurrent in golden-yellow awn, laminal cells somewhat incrassate; 
tubers large, at least some >500 pm, up to 1 mm, cell walls protuberant, tubers arising mostly in leaf 
axils (axillary) .Gemmabryum chrysoneuron 
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17: Plant colour various, awn short to medium-length, coloured but rarely golden-yellow, laminal cells 
mostly thin walled; tubers smaller, mostly <300(-350) gm, cell walls not protuberant, tubers arising at 
stem base on long rhizoids in soil.18 

18. Leaves ovate, often folded longitudinally along costa when dry, margins plane; tubers brown to red- 
brown, 100-200 pm .Gemmabryum exile 

18: Leaves ovate or ovate-lanceolate, not folded longitudinally when dry, margins recurved proximally; 
tubers brown, red or golden-yellow, 100-300 pm.19 

19. Tubers golden or yellow, 100-200 pm, cells with red walls, rhizoids pale yellow or brown 
.Gemmabryum tenuisetum 

19: Tubers brown or red, 100-300(-350) pm, cell walls same colour as tuber, rhizoids brown or red.20 

20. Plants in dense compact turfs, dull green or green-yellow; costa long-excurrent; tubers 100-200 pm, 
red-brown; synoicous; tropical.Gemmabryum indicum 

20: Plants in loose open turfs or gregarious, green to green-red; costa short to long excurrent, tubers 
100-300(-350) pm, red or red-brown; dioicous; widespread, often temperate, rarely tropical.21 

21. Costa short-excurrent in short slender awn, distal laminal cells mostly short-rectangular mixed with 
quadrate cells; tubers (100-) 150-300(-350) pm; acidic substrates.Gemmabryum subapiculatum 

21: Costa long-excurrent in long awn, distal laminal cells mostly quadrate; tubers 100-200(-250) pm; 
calcareous substrates.Gemmabryum radiculosum 

22. Costa percurrent or excurrent in short awn.23 

22: Costa distinctly excurrent in medium to long awn.26 

23. Costa mostly percurrent, many distal laminal cells elongate, >60-80 pm long, leaves glossy green or 
green-yellow; wet sites in riparian zones and at springs or seeps.Gemmabryum sullivanii 

23: Costa mostly short-excurrent, distal laminal cells <60 pm long, leaves lacking glossy sheen; dry sites 
.24 

24. Leaves folded lengthwise along costa when dry; capsule erect, peristome reduced, cilia absent 
.Gemmabryum exile 

24: Leaves more or less imbricate, not folded or contorted; capsule nodding or erect, peristome various 
.25 

25. Leaves strongly imbricate, ovate, margins strongly revolute; capsule nodding, peristome well developed; 
operculum apiculate .Gemmabryum austrosabulosum 

25: Leaves loosely imbricate, ovate-lanceolate to triangular, margins plane; capsule erect, peristome reduced, 
cilia absent; operculum rostellate.Gemmabryum preissianum 

26. Leaves ovate, folded lengthwise along costa when dry, margins plane, costa excurrent in long denticulate 
hyaline awn; capsule erect, peristome reduced, cilia absent.Gemmabryum exile 

26: Leaves ovate to ovate-lanceolate, imbricate to contorted when dry but not folded lengthwise along costa, 
margins recurved proximally, costa excurrent in smooth coloured or sometimes hyaline awn; capsule 
erect or nodding, peristome various.27 

27. Leaves lacking a limbidium, flat or weakly concave, awn green or yellow coloured, rhizoidal tubers and 
bulbils sometimes present; synoicous; capsule erect, peristome reduced, cilia absent 
.Gemmabryum indicum 

27: Leaves with a narrow limbidium, weakly to strongly concave, awn coloured or hyaline; tubers and 
bulbils absent; dioicous; capsule nodding or erect, peristome well developed to reduced.28 

28. Awn and lamina coloured green or brown, not hyaline, leaves concave, more or less imbricate when dry, 
group of inflated pinkish subalar cells present on leaves on fertile stems; stem tubers absent; capsule 
nodding, pyriform, peristome well developed (temperate).Gemmabryum caespiticium 

28: Awn and sometimes upper lamina hyaline, leaves weakly concave, somewhat twisted-contorted when 
dry; inflated subalar cells absent; stem tubers often present; capsule erect, peristome reduced, cilia 
absent (tropical).Gemmabryum coarctatum 
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Fig. 4. A-D; Gemmabryum apiculatum A; habit with sporophyte. B; leaf. C; enlarged capsule. D; rhizoidal tuber (C.B. 

Kaye s.n. MEL 1516914); E-F; Gemmabryum inaequale E; habit with sporophyte. F; leaf (I.D. Williams 3537 AD); 

G-I; Gemmabryum chrysoneuron G; habit with sporophyte. H; leaf I; rhizoidal tuber (G.K Thomson MEL 29852). 

Scale bars 1.0 mm habit; 0.5mm leaves; 100 pm gemmae. 



Fig. 5. A-D; Gemmabryum eremaeum: A; habit with sporophyte. B; leaf. C; bulbils. D; stem tubers 

(holotype R.E. Grandison s.n AD); E-G; Gemmabryum pachythecum E: habit with sporophyte. E: leaf G: axillary bulbil 

(isolectotype L. Preiss 2466 MEL 30783;); H-I: Gemmabryum austrosabulosum H: habit with sporophyte. I: leaf holotype 

(R Mueller s.n. MEL); J-M: Gemmabryum sullivanii J: habits. K: sporophyte. L: leaf, {W.A. Weymouth 2706 AD), M: axillary 

bulbils (J.R. Spence 4288 NSW). Scale bars 1.0 mm habit; 0.5mm leaves; 100 pm gemmae. 
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Fig. 6. A-C; Gemmabryum subapiculatum A; habit with sporophyte, B; leaf. C; rhizoidal tuber {W.B. Schofield 982632 NSW); 

D-H: Gemmabryum dichotomum: D; habit with sporophyte. E: capsule, F: leaf, G: axillary bulbil, H: rhizoidal gemma {H.P. 

Ramsay 22/73 NSW); I-M: Gemmabryum tenuisetum I: habit with sporophyte, J: leaf, K; axillary bulbil, L: rhizoidal tuber, 

M; capsule {LG. Stone 1719 MEL); N-P: Gemmabryum radiculosum N: habit sterile, O: rhizoidal tuber P: leaf {H. Streimann 

38988 CANB); Q-S; Gemmabryum coronatum Q; habit with sporophyte, R; Leaf, S; capsule (H.R Ramsay R174 NSW). Scale 

bars 1.0 mm habit; 0.5mm leaves; 100 pm gemmae. 
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Fig. 7. A-B. Gemmabryum acuminatum A; habit sterile. B: leaf (/.JR. Spence 5136 NSW); C-E: Gemmabryum coarctatum 

C: habits showing stem tubers. D: leaf. E: stem tuber (LG. Stone 21742 MEL); E-H: Gemmabryum klingraeffii E; habit sterile. 

G; leaf H: rhizoidal tuber (J.B. Gleland s.n. AD); I-L: Gemmabryum indicum I: habit with sporophyte. J: leaf K: rhizoidal 

tuber. L; leafy bulbil (].R. Spence 5116 NSW); M-P: Gemmabryum exile M: habit with sporophyte. N: leaf O: rhizoidal 

gemma. P: leafy bulbil (H. Streimann 10681 CANB); Q-R: Gemmabryum preissianum Q; habit with sporophyte. R; leaf 

(L.D. Williams s.n. AD); S-U; Gemmabryum sauteri S: habit with sporophyte. T: rhizoidal tuber. U; leaf (W.W. Watts 1633 

NSW). Scale bars 1.0 mm habit; 0.5 mm leaves; 100 pm gemmae. 
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Fig. 8. A-C; Gemmabryum tuberosum A; habit with sporophytes. B; leaf. C; rhizoidal tuber (LG. Stone 16751 MEL); 

D-G; Plagiobryoides cellularis D; habit with sporophyte. E; habit sterile. E: leaf G; enlarged capsule (as Plagiobryum in 

2006; G.J. Wild s.n. NSW). Scale bars 1.0 mm habit; 0.5mm leaves; 100 pm gemmae. 

Gemmabryum acuminatum (Harv. ex Hook.) J.R.Spence & H.P.Ramsay {=Brachymenium acuminatum Harv. 
ex Hook.): a silvery-yellow pantropical species related to G. apiculatum and G. inaequale, characterized by 
slender stems, a capsule with a broad mouth, and a reduced peristome. It is found on dry soil in tropical to arid 
regions of Queensland and Western Australia (Fig. 7 A-B). 

Gemmabryum apiculatum (Schwagr.) J.R.Spence & H.RRamsay {=Bryum apiculatum Schwagr.): a widespread 
pantropical small pinkish-green species associated with wet soil and rock in the subtropical and tropical north, 
characterized by elongate laminal cells and small brown pyriform tubers. This species probably represents a 
species complex, as some collections elsewhere in the world also produce bulbils (Fig. 4 A-D). 

Gemmabryum austrosabulosum (Catches, ex J.R.Spence & H.RRamsay) J.R.Spence & H.RRamsay (synonyms: 
Bryum austrosabulosum Catches, ex J.R.Spence & H.RRamsay; Bryum sabulosum Catches, ex J.R.Spence & 
H.RRamsay nom. illeg.): a tiny species with imbricate to julaceous stems found in southern Australia, often 
associated with rock outcrops and soil-filled crevices. The species is very similar to G. exile, but differs in 
the leaves remaining imbricate when dry, the margins recurved, the nodding capsule with a well-developed 
peristome, and lack of bulbils or tubers (Fig. 5 H-I). 
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Gemmabryum caespiticium (Hedw.) J.R.Spence {=Bryum caespiticium Hedw.): a worldwide species, 
characterized by its strongly caespitose-comose habit, long awn, weak limbidium, and elongate distal laminal 
cells. Small rhizoidal tubers have been reported from northern hemisphere material (Fig. 11 E-F). 

Gemmabryum chrysoneuron (Miill. Hal) J.R.Spence Sc H.RRamsay {=Bryum chrysoneuron Miill. Hal.): a 
widespread often coastal yellowish-green species with glossy leaves, a long golden-yellow awn and large red 
rhizoidal tubers that have a dimpled look, like miniature golf balls, resulting from protuberant cell walls. This 
species is more reminiscent of a small Imbribryum such as 1. australe. In New Zealand this species has (in part) 
been known under the name Bryum duriusculum Hook, f & Wilson (Fig. 4 G-I). 

Gemmabryum coarctatum (Miill. Hal.) J.R.Spence Sc H.RRamsay {=Brachymenium coarctatum (Miill. Hal.) 
Bosch. Sc Sande Lac.): a paleotropical species found in northern Australia on seasonally wet soils, characterized 
by a hyaline awn and sometimes hyaline upper lamina with a limbidium, a more or less comose habit, and erect 
capsules with reduced peristomes. Some material produces stem tubers (see Spence Sc Ramsay 1996) (Fig. 7 C-E). 

Gemmabryum coronatum (Schwagr.) J.R.Spence Sc H.RRamsay {=Bryum coronatum Schwagr.): a pantropical 
species related to G. dichotomum but with a distinctly swollen and rugose apophysis, strongly recurved leaf 
margins, and often triangular-shaped leaves (Fig. 6 K, Q-S). 

Gemmabryum dichotomum (Hedw.) J.R.Spence Sc H.RRamsay {=Bryum dichotomum Hedw): a widespread 
boreal-temperate and subantarctic-southern temperate species that typically avoids drier regions, characterized 
by its single leafy bulbils, plane to weakly recurved leaf margins, and thick capsule with a smooth and non- 
inflated apophysis (Fig. 6 D-H). 

Gemmabryum eremaeum (Catches, ex J.R.Spence Sc H.RRamsay) J.R.Spence Sc H.RRamsay {=Bryum eremaeum 
Catches, ex J.R.Spence Sc H.RRamsay): a distinctive southern Australian endemic related to G. pachythecum, 
characterized by its more or less hyaline awn, bulbils with short projections at the tip with a groove in between, 
and occasional production of stem tubers (see Spence and Ramsay 1996). It prefers more arid regions than 
G. pachythecum. The species has been recently found as an introduced exotic in botanic gardens in California 
(Fig. 5 A-D). 

Gemmabryum erythropilum (M.Fleisch.) J.R.Spence Sc H.RRamsay {=Bryum erythropilum M.Fleisch.): a recently 
documented species from Queensland (Spence and Ramsay 2013) related to G. apiculatum, with red leaves, long 
awns, and small pyriform orange-red tubers. The species is found elsewhere in tropical regions of Asia, Malesia 
and New Guinea (Spence and Ramsay 2013). It is reported to be autoicous but our material is sterile. This species 
may be the same taxon as Bryum thomsonii Mitt, of south-east Asia (no available illustrations). 

Gemmabryum exile (Dozy Sc Molk.) J.R.Spence Sc H.RRamsay {=Brachymenium exile (Dozy Sc Molk.) Bosch. 
Sc Sande Lac.): a small evenly foliate plant on soil and rock with small ovate leaves that fold in half along the 
costa when dry, giving the shoots a string-like appearance, erect capsules, and a reduced peristome. This species 
is widespread in the worlds semi-arid subtropics, including warmer regions of Australia and New Zealand, 
and is one of the only Gemmabryum species that produces both leaf axil bulbils and rhizoidal tubers. It can 
sometimes be found on concrete. Some arid-land material exhibits long somewhat hyaline awns (Fig. 7 M-R). 

Gemmabryum inaequale (Taylor) J.R.Spence Sc H.RRamsay {=Bryum inaequale Taylor): a yellow-green species 
related to G. acuminatum but more widespread and mostly temperate in distribution, often associated with roadside 
banks on exposed soil; the capsules are narrowed to the mouth and the peristome is well developed (Fig. 4 E-F). 

Gemmabryum indicum (Dozy Sc Molk.) J.R.Spence Sc H.RRamsay {=Brachymenium indicum (Dozy Sc Molk.) 
Bosch. Sc Sande Lac.): a distinctive paleotropical-Racific species forming dull green to yellow-green turfs on 
rocks and soil in the tropics, related to G. coarctatum but lacking the hyaline upper leaf and awn. This species 
is synoicous, although much material is sterile, and has a slender erect capsule with a reduced peristome. Leaf 
axil bulbils with leafy primordia are sometimes produced in collections in other regions of its world range but 
are very rare in Australian material. Stem tubers have been found on material from Easter Island, although 
they have not yet been found in Australian material. Gemmabryum coronatum occurs in the same areas and is 
very similar, but has more triangular leaves with margins recurved to near the apex (vs. ovate-lanceolate leaves 
with margins recurved proximally), bulbils commonly present in sterile material, and a nodding capsule with 
swollen neck (Fig. 71-L). 
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Gemmabryum klinggraejfii (Schimp.) J.R.Spence & H.RRamsay {=Bryum klinggraejfii Schimp.): a species of 
disturbed soil characterized by small spherical red to scarlet tubers with distinctly protuberant cells. Probably 
introduced (Fig. 7 F-H). 

Gemmabryumpachythecum (Mull. Hal.) J.R.Spence & H.RRamsay {=Bryum pachytheca Miill. Hal.): a common 
and widespread species throughout Australia and New Zealand, extending to southeast Asia, characterized by 
the strongly inflated capsule neck, coloured red-brown awn, and smooth egg-shaped bulbils without primordia 
(Fig. 5 E-G). 

Gemmabryumpreissianum (Hampe) J.R.Spence & H.RRamsay (Rrac/zymcnmmpreissiannm (Hampe) A. Jaeger): 
a distinctive widespread Australasian species typically found on rock, often calcareous, with a more or less 
erect to inclined capsule with a narrow mouth, a reduced peristome and a rostellate operculum (Fig. 7 Q-R). 

Gemmabryum radiculosum (Brid.) J.R.Spence & H.RRamsay {-Bryum rubens Brid.): a common and 
widespread species in warmer climates of the world, characterized by large red rhizoidal tubers, long awns, 
quadrate proximal laminal cells, and a preference for calcareous substrates (Fig. 6 N-P). 

Gemmabryum sauteri (Bruch. & Schimp.) J.R.Spence & H.RRamsay {=Bryum sauteri Bruch Sc Schimp.): a 
common species in Australasia with yellow-green narrowly ovate leaves, a short awn, and small brown pyriform 
tubers. It is similar to G. apiculatum but has more Bryum-\ike areolation with quadrate cells across the leaf 
base, and shorter distal laminal cells. Much of the material named as this species in the region is distinct from 
typical European material, and may actually represent a new species. The species is also found on Macquarie 
Island in the subantarctic region (Eig. 7 S-U). 

Gemmabryum subapiculatum (Hampe) J.R.Spence & H.RRamsay {=Bryum subapiculatum Hampe): the most 
common and widespread of the tuber-forming Gemmabryum species in temperate regions of the world, 
characterized by a relatively short to medium-length awn, large red tubers, rectangular proximal laminal cells, 
and a preference for acidic substrates (Pig. 6 A-C). 

Gemmabryum sullivanii (Mull.Hal.) J.R.Spence & H.RRamsay {=Bryum sullivanii Miill. Hal.): a distinctive 
species associated with wet soil and rock, often along intermittent and perennial streams, with a preference for 
limestone. The leaves are broadly rounded-obtuse, and the costa is usually percurrent. Plants can become fairly 
robust, within the size range for Imbribryum species (Pig. 5 J-M). 

Gemmabryum tenuisetum (Limpr.) J.R.Spence & H.RRamsay {=Bryum tenuisetum Limpr.): a rare scattered 
northern hemisphere disjunct species of disturbed soil characterized by large yellow tubers with red cell walls, 
and yellowish rhizoids. Probably introduced (Pig. 6 H-J, M). 

Gemmabryum tuberosum (Mohammed & Damanhuri) J.R.Spence & H.RRamsay {=Bryum tuberosum 
Mohammed & Damanhuri): small green-red paleotropical species with ovate to obovate leaves, and strongly 
flattened tubers with undulate margins, found in tropical Queensland (Pig. 8 A-C). 

Gemmabryum sp. (Baw Baw Plateau, A./. Downing s.n.): Australia, Victoria: Baw Baw Plateau, Central Gippsland, 
South Pace Road. Growing on sandbags, near roadside drain on damp granite derived soil in Eucalyptus regnans 
tall forest, southerly aspect. AJ. Downing s.n. 6.X.2003 (MQU). 

A collection from Victoria at moderately high elevations consists of G. dichotomum-like plants with multiple 
small leafy bulbils per leaf axil. The costa is very strongly excurrent in a long awn, unlike typical G. dichotomum. 
This species is similar to and may be conspecific with the South African Bryum rigidicuspis Dix. However, 
long awns occasionally occur in other species in the complex, including G. barnesii (J.B.Wood ex Schimp.) 
J.R.Spence, which has been recently found in Tierra del Puego and the Palkland Islands. More work is needed 
on those species that produce multiple leafy bulbils per leaf axil. 

5. Imbribryum N.Pedersen 

Plants medium sized, stems (10-)20-60 mm, gemmiform to evenly foliate; leaves 2-4 mm, ovate-lanceolate 
to ovate; costa percurrent to excurrent in short to long awn, limbidium absent or weak, distal laminal cells 
vermicular, elongate rhomboidal to hexagonal, often incrassate, proximal cells quadrate to short-rectangular; 
asexual gemmae of rhizoidal tubers arising from leaf axils; dioicous; capsule pyriform to cylindrical, nodding, 
peristome well-developed, spores <25 pm. 

This genus overlaps in many characters with Gemmabryum section Tuberibryum, but molecular work to date 
has not resolved the relationships. Generally, small species with rhizoidal tubers especially on rhizoids in soil, 
should be keyed out in Gemmabryum. G. chrysoneuron is keyed out here as well as in Gemmabryum as it can 
be confused for an Imbribryum and is within the size range of I. australe. 
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Fig. 9. A-C; Ochiobryum blandum A; habit sterile left (A.E. Orchard 1931 AD), right (M. Mueller 1795 MEL). B; leaf. 

C; sporophytes (from New Zealand material used for chromosome studies H.R Ramsay 76/84 NSW); D-F; Imbribryum 

australe D: plant with sporophyte. E: capsule. F: leaf (as Gemmabryum in 2006; H.P. Ramsay 3/88 NSW); G-J: Imbribryum 

cheelii G; habit sterile. H: habit with sporophyte. I: leaf J; rhizoidal tuber (as Gemmabryum in 2006; D.G. Gatcheside 73.293 

AD). Scale bars 1.0 mm habit; 0.5mm leaves; 100 pm gemmae. 
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Fig. 10. A-C; Imbribryum clavatum A; habit with sporophyte. B; leaf. C; rhizoidal gemma (as Gemmabryum in 2006; 

H.R Ramsay 32/77 NSW); D-G; Imbribryum laevigatum D; habit sterile. E; habit with sporophyte. F; leaf G; bulbil (as 

Gemmabryum in 2006; (LG. Stone 3177 MEL). Scale bars 1.0 mm habit; 0.5mm leaves; 100 pm gemmae. 
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Fig. 11. A-B: Imbribryum crassum A; habit with sporophytes. B: leaf (as Gemmabryum in 2006; W.W. Watts s.n. NSW); 

C-D: Ptychostomum altisetum C: habit with sporophyte. D: leaf (W.B. Schofield s.n NSW); E-F: Gemmabryum caespiticium 

E; habit with sporophyte. E; leaf {W.W. Watts 8625 NSW 39468). Scale bars 1.0 mm habit; 0.5mm leaves; 100 pm gemmae. 
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Key to Imbribryum species 

1. Plants large, stems often >4 cm, dull green to olive, julaceous, costa percurrent; leaf apex broadly acute to 
obtuse, distal laminal cells rhomboidal (2-4:1), oblique to costa in rows, strongly incrassate 
.Imbribryum laevigatum 

1: Plants medium sized, stems mostly <3 cm, pale yellow, green-yellow to red, not or weakly julaceous; 
costa excurrent in short to long awn, distal laminal cells rhomboidal to hexagonal (3-6:1), oblique or 
parallel to costa.2 

2. Leaves lanceolate to narrowly ovate, flat, distal laminal cells incrassate, often oblique to costa, limbidium 
present on proximal margins; capsule elongate, to 6 mm, often somewhat curved; wet sites, often 
encrusted with carbonate deposits.Imbribryum clavatum 

2: Leaves ovate, ovate-lanceolate or obovate, flat to strongly concave, distal laminal cells thin walled or 
incrassate, not oblique to costa, limbidium absent or very weak; capsule pyriform, <3 mm; wet to dry 
sites, not usually encrusted with carbonates.3 

3. Excurrent costa forming a long awn, many awns >1/2 lamina length.4 

3: Excurrent costa forming a slender to stout awn or mucro, mostly <1/10 lamina length .5 

4. Plants yellow-green; leaves stiff and rigid, triangular, margins strongly recurved beyond mid-leaf, lamina 
sometimes plicate.Imbribryum australe 

4: Plants golden-green; leaves less rigid, somewhat loosely set, ovate-lanceolate to broadly lanceolate; 
margins recurved proximally; lamina never plicate.[Gemmabryum chrysoneuron] 

5. Plants with red tints, often entirely red; stems elongate, evenly foliate; laminal cells thin to firm walled, 
not incrassate, distal laminal cells parallel to costa.Imbribryum cheelii 

5: Plants pale yellow, yellow-green or straw coloured, lacking red tints; stems short, distinctly gemmiform, 
sometimes in 2 or more interrupted tufts along stem; laminal cells distinctly incrassate, distal cells often 
oblique to costa.Imbribryum crassum 

Imbribryum australe (Hampe) J.R.Spence & H.P.Ramsay {=Bryum australe Hampe; Gemmabryum australe 
(Hampe) J.R.Spence & H.P.Ramsay): a small species with rigid imbricate triangular leaves which are often but 
not always plicate, a long stiff awn, and strongly revolute margins. This species is based on an atypical type that 
differs somewhat from other material (Fife 2015), but we follow Ochi (1970) as the type and other material is 
similar in most respects. Found on damp to wet soil or soil over rock, often along rivers (Fig. 9 D-F). 

Imbribryum cheelii (Broth.) J.R.Spence Sc H.P.Ramsay {=Bryum cheelii Broth.; Gemmabryum cheelii (Broth.) 
J.R.Spence & H.P.Ramsay): a distinctive Australian endemic that is characterized by stiff red imbricate leaves, 
short-excurrent awn in a stout point, and serrulate distal leaf margins. It prefers seepage to intermittent rock 
and soil over rock along streams in temperate regions (Fig. 9 G-J). 

Imbribryum clavatum (Schimp.) J.R.Spence & H.P. Ramsay {=Bryum clavatum (Schimp.) Miill. Hal.; 
Gemmabryum clavatum (Schimp.) J.R.Spence & H.P.Ramsay): a variable species found in calcareous seeps and 
springs and along streams in temperate to cool climates. The ovate leaves with a limbidium in the proximal 
margins, a short awn, incrassate distal laminal cells which are sometimes oblique to the costa, and very long 
curved capsules, are diagnostic (Fig. 10 A-C). 

Imbribryum crassum (Hook.f. Sc Wilson) J.R.Spence Sc H.P.Ramsay {=Bryum crassum Hook.f. Sc Wilson; 
Gemmabryum crassum (Hook.f. Sc Wilson) J.R.Spence Sc H.P.Ramsay): a distinctive southern hemisphere 
species with green-yellow leaves in a strongly gemmate or comal tuft, often interrupted along elongate stems, 
incrassate laminal cells oblique to the costa, and a short excurrent costa in a stout mucro are diagnostic. This 
species often occurs in drier habitats than other Imbribryum species, and is largely temperate in distribution in 
southern Australia, New Zealand and southern South America (Fig. 11 A-B). 

Imbribryum laevigatum (Hook.f. Sc Wilson) J.R.Spence Sc H.P.Ramsay {=Bryum laevigatum Hook.f. Sc 
Wilson); Gemmabryum laevigatum (Hook.f. & Wilson) J.R.Spence Sc H.P.Ramsay): a common and distinctive 
robust southern hemisphere species associated with rivers, streams and wetlands on wet soil, peat and rock, 
characterized by rounded mostly obtuse thick leaves, strongly incrassate laminal cells, and distal cells oblique 
to the costa. Found throughout the southern hemisphere in subantarctic and montane climates (Fig. 10 D-G). 

6. Leptostomopsis (Mull. Hal. ex Broth.) J.R.Spence Sc H.P.Ramsay 

Plants small, stems 10-20 mm, gemmiform to evenly foliate; leaves 1-2 mm, ovate-lanceolate; costa excurrent 
in long spinose silver awn, limbidium absent or weak, distal laminal cells elongate rhomboidal to hexagonal. 
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proximal cells quadrate; asexual gemmae of leafy bulbils in leaf axils; dioicous; capsule cylindrical, erect, 
peristome strongly reduced, cilia and endostome segments absent, spores <25 pm. 

Leptostomopsis pulchra (Hook.) Ochyra & Bedn.-Ochyra: a recently reported record from near Melbourne, 
Victoria (Spence and Ramsay 2013). It was collected under Leptospermum and Melaleuca shrubs on wood in 
undisturbed vegetation. This species is very small, with concave ovate leaves, a very long silver-white awn, and 
small leafy bulbils in the leaf axils. The collection is sterile, but it agrees well with named material from Africa 
(illustrated in Magill 1987). 

7. Ochiobryum J.R.Spence & H.RRamsay 

Plants medium sized, stems 20-60 mm, evenly foliate, often somewhat complanate; leaves 1-3 mm, ovate; 
costa percurrent to short-excurrent, limbidium present, distal laminal cells elongate vermicular to hexagonal, 
proximal cells similar; asexual gemmae absent; dioicous; capsule pyriform, nodding, peristome well developed, 
spores <25 pm. 

A small genus with stems that are often weakly complanate, red, pink, silver-green to green colouration, very 

long and narrow laminal cells, and a nodding pyriform capsule. Molecular work shows that it appears to be 
related to Imbribryum. 

Ochiobryum blandum Hook.f. & Wilson) J.R.Spence & H.RRamsay {=Bryum blandum Hook.f. & Wilson): a 
beautiful species characteristic of cold-temperate, subantarctic, to sub alpine-alpine habitats, forming dense 
turfs on rocks and soil in or near streams. The turfs are typically vary from bright to dark glossy green, but the 
leaves often become glossy red or pink-silver to pink-green as they dry out (Fig. 9 A-C). 

8. Plagiobryoides J.R.Spence 

Plants small to large, stems 10-60 mm, evenly foliate; leaves 1 -4 mm, ovate; costa percurrent to short-excurrent, 
limbidium absent or present, distal laminal cells irregularly rhomboidal to hexagonal, proximal cells long- 
rectangular; asexual gemmae absent (in Australia); dioicous; capsule pyriform, nodding, peristome variable, 
well-developed to reduced, cilia variable, short to sometime longer than exostome teeth, spores 20-35 pm. 

A group of species with lax areolation (wide thinwalled cells), mostly short distal laminal cells, long proximal 
laminal cells, and capsules that usually have a distinct slender apophysis. Most prefer wet soil. The genus is 
morphologically similar to Plagiobryum and Ptychostomum. Two species of Plagiobryoides occur in Queensland 
and are very different from each other morphologically. 

Key to Plagiobryoides species 

1. Plants small, pinkish to yellow-green, somewhat julaceous, upper laminal cells >3:1, capsules ovate with 
somewhat distinct neck and narrow mouth, spores <28 pm.Plagiobryoides cellularis 

1: Plants large, olive green to red-green, not julaceous, upper laminal cells very short and broad, sometimes 
quadrate, capsules short, top-shaped with wide flaring mouth; spores >30 pm 
.Plagiobryoides sp. 

Plagiobryoides cellularis (Hook.) J.R.Spence {=Bryum cellulare Hook.; Plagiobryum cellulare (Hook.) J.R. 
Spence & H.P. Ramsay): a widespread pantropical species characterized by small pink-green leaves, and a 
reduced peristome. This species is highly variable and likely represents a species complex including, among 
others, the local endemic form in Queensland known as Plagiobryum wildii Broth, which may be specifically 
distinct from true P cellularis (Fig. 8 D-G). 

Plagiobryoides sp.: material seen (currently unavailable) from Moreton, Queensland, appears to be related to 
the New Guinean Bryum decurrens Brid., but differs in its capsule shape (short, flaring with wide mouth vs. 
elongate cylindric to clavate, narrow mouth in B. decurrens) and much larger spores (32-36 pm vs. 18-22 pm). 
It is a robust plant with evenly foliate stems, broadly ovate olive-green contorted leaves when dry, short wide 
distal laminal cells, and long proximal cells. The gametophytes of this plant are very similar to B. decurrens, 
which is illustrated in Eddy (1996). 

9. Ptychostomum Hornsch. 

Plants small to large, stems 10-60 mm, comose-tufted to evenly foliate; leaves 2-4 mm, ovate to ovate- 
lanceolate; costa short to long-excurrent in awn, limbidium present, distal laminal cells irregularly rhomboidal 
to hexagonal, proximal cells rectangular; asexual gemmae rare, of short filiform gemmae on stems; dioicous, 
synoicous, autoicous or polyoicous; capsule ovate, cylindrical to pyriform, inclined to nodding, peristome 
variable, well-developed to reduced, cilia often short or absent, spores 10-30 pm. 
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A large, exceedingly confusing genus often defined by capsule and peristome characters, which means that 
many sterile collections cannot be identified. Many species are monoicous, and have reduced peristomes. Most 
are found on soil in boreal-temperate to arctic-alpine regions and are less common in the southern hemisphere 
except for subantarctic regions of southern South America where the genus is common. Several northern 
species are disjunctly distributed to cool climate regions of New Zealand and Australia. 

Key to Ptychostomum species 

1. Plants medium to large, stems elongate, evenly foliate, often to 4 cm; leaves more or less same size 
distally, ovate, costa short-excurrent as stout awn, laminal cells incrassate.2 

1: Plants small to medium, stems comose, tufted to rosulate, not elongate and evenly foliate, 1-3 cm; leaves 
ovate to ovate-lanceolate or rarely obovate, costa excurrent in medium to long awn, cells mostly thin 
walled.3 

2. Leaves not or weakly decurrent, distal laminal cells incrassate, somewhat oblique to costa; synoicous 
.Ptychostomum bimum 

2: Leaves strongly decurrent, distal laminal cells firm walled to somewhat incrassate, more or less parallel 
to costa; dioicous.Ptychostomum pseudotriquetrum 

3. Leaves ovate, costa excurrent in short awn, limbidium partially bistratose, leaves green, leaf base green; 
synoicous, spores large, 25-28(-30) pm, peristome reduced, cilia absent; subantarctic 
.Ptychostomum mucronatum 

3: Leafy ovate, obovate or ovate-lanceolate, limbidium variable but usually present, unistratose, leaf colour 
various, leaf bases usually reddish, spores small to medium-size, 10-26 pm; synoicous, autoicous or 
dioicous; temperate to montane-subantarctic.4 

4. Leaves ovate or obovate, concave, limbidium weak; dioicous .Ptychostomum cylindrothecium 

4: Leaves ovate-lanceolate or sometimes Ungulate, flat or weakly concave, limbidium present, distinct; 
synoicous or autoicous .5 

5. Autoicous; plants loosely comose-tufted, leaves ovate-lanceolate to Ungulate 
.Ptychostomum pallescens 

5: Synoicous; plants comose to caespitose, leaves ovate-lanceolate (sporophytes needed beyond this 
couplet).6 

6. Peristome well developed, spores 12-16 pm; widespread temperate-montane 
.Ptychostomum creberrimum 

6: Peristome reduced, cilia short or absent, spores (18-)20-26 pm; montane-alpine 
.Ptychostomum altisetum 

Ptychostomum altisetum (Miill. Hal.) J.R.Spence & H.P.Ramsay {=Bryum altisetum Miill. Hal.): an Australian 
species closely related to or perhaps conspecific with the northern hemisphere P inclinatum Swartz ex Brid.) 
J.R. Spence, which has been reported from New Zealand under the name Bryum amblyodon Mull. Hal. (Fife 
2015). The species is found primarily in cool montane-alpine climates (Fig. 11 C-D). 

Ptychostomum bimum (Schreb.) J.R.Spence {=Bryum bimum Schreb.): a robust synoicous northern hemisphere 
disjunct species related to P pseudotriquetrum, but with more incrassate laminal cells and weaker decurrencies. 
Its distribution is not fully understood as it has been considered a variety of P pseudotriquetum. In Australia it is 
known from New South Wales, Tasmania, and Victoria (Spence and Ramsay 2013) (illustrated in Zolotov 2000). 

Ptychostomum creberrimum (Taylor) J.R.Spence Sc H.P.Ramsay {=Bryum creberrimum Taylor): a common 
widespread bipolar species of soil in temperate to montane sites, common in forest clearings in the mountains 
and in more southern temperate climates. Ptychostomum pallescens is similar but has larger spores (16-20 pm), 
and is usually autoicous (Fig. 12 E-F). 

Ptychostomum cylindrothecium (R.Br. bis) J.R.Spence Sc H.P.Ramsay {=Bryum cylindrothecium R.Br. bis): A 
poorly known species on sandy soil possibly related to the Gemmabryum caespiticium complex, but larger with 
shorter distal laminal cells. We have retained it in Ptychostomum pending further study. Currently only known 
from New Zealand and South Australia (Fig. 12 A-B). 
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F 

Fig. 12. A-B;. Ptychostomum cylindrothecium A: habit with sporophyte. B: leaf (H.T. Clifford MEL 1519289); 

C-D; Ptychostomum pseudotriquetrum, C: habit with sporophyte. D: habit with sporophyte (KB. Womersley AD); E-F; 

Ptychostomum creberrimum E; habit with sporophyte. F; leaf (M. Mueller MEL 25997). Scale bars 1.0 mm habit; 0.5 mm 

leaves; 100 pm gemmae. 
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Fig. 13. A-D: Rhodobryum graffeanum (as JR. aubertii in Spence & Ramsay 2006) A; habit sterile (LG. Stone 12347 

MEL), B; apex of female with sporophyte. C; enlarged capsule showing peristome. D; leaf (W.B. Schofield 8039 NSW). 

Scale bars 1.0 mm habit and enlarged capsule, 0.5mm leaves; 100 pm gemmae. 
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Ptychostomum mucronatum (Mitt.) Ochyra Sc Bedn.-Ochyra {=Bryum mucronatum Mitt.): a cool climate New 
Zealand-subantarctic species with leaves with a short mucronate awn and a bistratose border, large spores, more 
or less uniformly green to yellow-green leaves, and a reduced peristome. The species is included in the keys as it 
occurs on Macquarie Island (Seppelt 2004) and should be looked for in alpine regions of Tasmania; also known 
from other subantarctic islands. New Zealand and southern South America (illustrated in Sainsbury 1955). 

Ptychostomum pallescens (Schleich. ex Schwagr.) J.R.Spence {=Bryum pallescens Schleich. ex Schwagr.): 
a rare disjunct from the northern hemisphere known from New Zealand and Tasmania found on wet soil, 
characterized by rather broadly ovate-lanceolate to Ungulate leaves, and autoicy. The capsules are usually 
nodding, but in some collections can be suberect to nearly erect (Spence and Ramsay 2013) (illustrated in 
Spence 2014). 

Ptychostomum pseudotriquetrum (Hedw.) J.R.Spence & H.RRamsay ex D.T.Holyoak & N.Pedersen {=Bryum 
pseudotriquetrum (Hedw.) RGaertn., B.Meyer Sc Scherb.): a highly variable robust species with a world-wide 
distribution in temperate, arctic-alpine and Antarctic regions. The typical form consists of evenly foliate 
elongate stems, ovate leaves that are strongly decurrent, and a short awn. Sometimes filiform gemmae occur, 
primarily on the stems. The stems are often strongly matted with rhizoids (Fig. 12 C-D). 

10. Rhodobryum (Schimp.) Limpr. 

Plants large, stems to 50 mm, evenly foliate, stolons present; leaves 3-10 mm, obovate to ovate; costa short 
excurrent in awn, limbidium present, distal laminal cells irregularly rhomboidal to hexagonal, proximal cells 
rectangular; asexual gemmae absent; dioicous; capsule cylindrical to pyriform, inclined to nodding, peristome 
well-developed, spores <20 pm. 

A predominantly tropical-warm temperate genus characterized by strongly rosulate to evenly foliate stems (in 
Australia), stolons, and polysety. Although similar to Rosulabryum, chromosome morphology, costal anatomy 
and the presence of stolons separate the two genera. 

Rhodobryum graejfeanum (Miill. Hal.) Paris {=Rhodobryum aubertii (Schwagr.) Then): a large tropical- 
subtropical species with elongate evenly rosulate stems and large obovate to ovate leaves with strongly 
denticulate margins. In Australia the name Bryum aubertii (Schwagr.) Brid. is misapplied as that African 
species is a Rosulabryum producing filiform gemmae directly on the leaves (Spence unpubl. data), unique 
in the family (see also Magill 1987). The oldest valid name for the Australasian species is R. graeffeanum 
(Fig. 13 A-D). 

11. Rosulabryum J.R.Spence 

Plants small to large, stems 10-100 mm, rosulate to rarely evenly foliate, stolons absent; leaves 2-8 mm, obovate 
to ovate; costa short to long-excurrent in awn, limbidium usually present, often strong, distal laminal cells 
irregularly rhomboidal to hexagonal, proximal cells rectangular; asexual gemmae of filiform gemmae in leaf 
axils and rhizoidal tubers on rhizoids in substrate; dioicous or rarely polyoicous (R. torquescens only); capsule 
cylindrical to pyriform, inclined to nodding, peristome well-developed, spores <25 pm. 

A large nearly worldwide genus of mostly rosulate species with obovate to ovate leaves, with serrulate to serrate 
distal leaf margins, occasional polysety, and cylindrical to clavate capsules with small spores. Most species 
produce rhizoidal tubers, and a few produce leaf axil filiform gemmae. Larger species are superficially similar 
to Rhodobryum, but differ in lacking stolons and having well developed costal stereid bands. 

Key to Rosulabryum species 

1. Slender filiform gemmae in leaf axils or stems of sterile shoots.2 

1: Filiform gemmae lacking (plants lacking gemmae key here).4 

2. Epiphytic on orchids in forest canopy, rarely on rock; leaves equidistant, rounded ovate, margins smooth 
to finely serrulate.Rosulabryum epiphyticum 

2: On soil, rocks or tree bases and fallen logs, never epiphytic; leaves rosulate to comose, obovate to 
spathulate, margins sharply serrate.3 

3. Leaves flat, not keeled, obovate, distal laminal margins serrate, costa excurrent; gemmae coarsely 
papillose.Rosulabryum albolimbatum 

3: Leaves strongly keeled, ovate to spathulate, laminal margins sharply serrate to denticulate, often to mid¬ 
leaf, costa mostly percurrent; gemmae smooth to finely papillose.Rosulabryum lamingtonicum 
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4. Stems short, <1 (-2) cm, more or less rosulate, leaves <3 mm.5 

4: Stems larger, 2-10 cm, rosulate to elongate evenly foliate, leaves (3-)4-10 mm .13 

5. Leaves 2-3 mm, imbricate, broadly ovate or obovate, strongly concave, not much altered when dry, 
laminal cells incrassate; tubers lacking.6 

5: Leaves mostly <2(-2.5) mm, ovate, obovate or spathulate, flat or weakly concave, twisted to contorted 
when dry, laminal cells mostly thin walled; tubers often present .7 

6. Plants golden-green or green-brown, costa excurrent in long straight awn; temperate-arid 
.Rosulabryum campylothecium 

6: Plants reddish-green, costa excurrent in short often recurved awn; montane 
.Rosulabryum microrhodon 

7. Leaves narrowly ovate, acuminate, margins more or less smooth to finely serrulate, distal laminal cells 
elongate, sublinear, 4-6:1.Rosulabryum leptothrix 

7: Leaves ovate, obovate to spathulate, acute or obtuse, margins rarely smooth, mostly serrulate to serrate, 
distal cells rhomboidal 2-4:1 .8 

8. Plants very small, <1 cm long, costa percurrent to short-excurrent, leaf margins plane, entire to finely 
serrulate distally, limbidium lacking; on damp soil banks in NT, QLD 
.Rosulabryum queenslandicum 

8. Plants small to large, often >1 cm, costa short to long excurrent in distinct awn, leaf margins recurved 
at least proximally, serrulate to serrate, limbidium present, usually distinct; habitats and distributions 
various .9 

9. Leaves obovate, spirally twisted around stem when dry, costa excurrent in long awn, tubers red-brown 
.Rosulabryum capillare 

9: Leaves obovate, ovate or spathulate, irregularly contorted when dry, costa excurrent in short to medium- 
length awn, tubers red-brown, orange, red or scarlet.10 

10. Leaves narrowly ovate-spathulate, strongly keeled, stems evenly foliate to weakly rosulate, leaf margins 
sharply serrate to midleaf.Rosulabryum lamingtonicum 

10: Leaves obovate or broadly spathulate, flat or weakly keeled, stems distinctly rosulate, leaf margins 
serrulate to serrate in the distal 20-30%.11 

11. Plants polyoicous to synoicous, limbidium strong, leaves usually lacking red tints except at base; 
rhizoidal tubers red, scarlet to sometimes orange .Rosulabryum torquescens 

11: Plants dioicous, limbidium variable but sometimes indistinct, leaves green to red; rhizoidal tuber colour 
variable but not scarlet, if red then cell walls protuberant.12 

12. Leaves obovate, green except at leaf base; limbidum distinct, distal margins serrate; tubers red-brown to 
sometimes orange, cell walls smooth (search for filiform leaf axil gemmae on sterile plants) 
.Rosulabryum albolimbatum 

12: Leaves ovate, often red throughout; limbidium indistinct, distal margins serrulate; tubers red, cell walls 
distinctly protuberant (filiform gemmae lacking) .Rosulabryum rubens 

13. Stems elongate, evenly foliate.14 

13: Stems short, distinctly rosulate.16 

14. Leaves strongly keeled, limbidium 2 or 3 rows wide, becoming yellowish with age on older leaves, leaves 
narrowly obovate or spathulate; tubers 180-500 pm.Rosulabryum subfasciculatum 

14: Leaves flat, not keeled, limbidium narrow or wide, 1-6 rows, green, clear or whitish-hyaline with age, 
leaves broadly obovate, spathulate or ovate; tubers if present 200-1000 pm.15 

15. Leaves broadly ovate, margins serrulate, limbidium narrow above, l-2(-3) rows, not whitish-hyaline; 
gametangia conspicuously enlarged; often polysetose, seta not hooked below capsule, capsule mouth 
oblique; tubers lacking.Rosulabryum wightii 

15: Leaves obovate or spathulate, distal margins sharply serrate, limbidium extremely wide, 4-6 rows, often 
whitish; gametangia not enlarged; rarely polysetose, seta usually hooked below capsule, capsule mouth 
straight; tubers present.Rosulabryum subtomentosum 
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16. Leaves more or less imbricate when dry, distal margins serrulate, limbidium 4-6 rows wide, often 
whitish-hyaline.Rosulabryum perlimbatum 

16: Leaves contorted or twisted when dry, distal margins sharply serrate or denticulate, limbidium narrow to 
wide, cells in (1) 2-6 rows, whitish-hyaline or not .17 

17. Limbidium narrow distally, cells in (l-)2-3 rows, not whitish-hyaline, seta rarely (<20%) hooked below 
capsule .Rosulabryum billardierei 

17: Limbidium wide, cells in (3-)4-6 rows, often whitish-hyaline, seta usually hooked (>80%) below seta 
.Rosulabryum subtomentosum 

Rosulabryum albolimbatum (Hampe) J.R.Spence {=Bryum albolimbatum Hampe): a widespread Australian 
endemic related to the South American R. andicola (Hook.) Ochyra, characterized by small to medium-sized 
plants, leaves that are contorted and twisted but not spirally twisted when dry, serrate distal leaf margins, and 
filiform leaf axil gemmae (Fig. 19 A-D). 

Rosulabryum billardierei (Schwagr.) J.R.Spence {=Bryum billardierei Schwagr.): the common large rosulate 
Rosulabryum throughout most of temperate Australia except in arid regions. This species is generally easily 
characterized by its strongly rosulate habit, somewhat contorted/twisted leaves when dry, strong leaf limbidium, 
and short awn bent sideways. This is a southern temperate-subantarctic species found also in South American 
and South Africa (Fig. 18 D-G). 

Rosulabryum campylothecium (Taylor) J.R.Spence {=Bryum campylothecium Taylor): a distinctive species of 
drier woodlands in sandy sites, characterized by the strongly rosulate stems with a long awn, ovate concave 
imbricate leaves, and plants that are pale green-yellow or straw coloured. This species is temperate in 
distribution in southern portions of Australia, New Zealand and South America (Fig. 19 E-G). 

Rosulabryum. capillare (Hedw.) J.R.Spence (=Bryum capillare Hedw): a subcosmopolitan species of moist 
shaded sites characterized by leaves spirally twisted around the stem when dry, a long awn, and obovate leaves 
with a fairly strong limbidium and serrulate distal leaf margins (Fig. 15 F-I). 

Rosulabryum epiphyticum J.R.Spence & H.RRamsay: a very small rare species typically found associated with 
epiphytic orchids in northern New South Wales and Queensland in subtropical-tropical forests, although it 
has also been found on rocks. The small evenly foliate stems, rounded leaves and filiform leaf axil gemmae are 
diagnostic (Fig. 14 A-D). 

Rosulabryum lamingtonicum J.R.Spence & H.RRamsay: a species of primarily the subtropics of eastern 
Queensland and northeastern New South Wales, often at higher elevations, on soil or soil over rock, sometimes 
on logs. The species is very common in beech forests in Lamington National Rark. It is similar to but much 

smaller than R. subfasciculatum, and has a strongly keeled leaf and leaf margin serrations often reaching more 
than halfway towards the base. Leaf axil filiform gemmae are sometimes present (Fig. 14 H-K). 

Rosulabryum leptothrix (Mull. Hal.) J.R.Spence {-Bryum leptothrix Miill. Hal.): a small species of semi-arid 
woodlands on soil and soil over rock in Queensland, New South Wales and Victoria, with narrow ovate leaves, 
very long distal laminal cells and spirally twisted leaves lacking a limbidium (Fig. 15 C-E). 

Rosulabryum microrhodon (Miill. Hal.) J.R.Spence {=Bryum microrhodon Miill. Hal.): a distinctive species of 
Tasmania and the South Island of New Zealand, where it occurs at high elevations in subalpine meadows and 
clearings on boulders. The short recurved awn, imbricate red-green leaves and habitat are diagnostic. Material 
from northwest Nelson District, South Island, New Zealand is present in CHR (as R. billardierii) (Eig. 15 A-B). 

Rosulabryum perlimbatum (Card.) J.R.Spence ={Bryum perlimbatum Card.): a robust rosulate species similar 
to R. billardierei but with an extremely wide limbidium (4-8 rows), imparting a whitish colour to the leaf 
margins. This species is largely subantarctic in distribution, reaching north into southern New Zealand and 
southern South America. Not yet reported for Australia, it should be looked for in extreme southwestern 
Tasmania and Macquarie Island along and behind ocean beaches and is thus included in the key (illustrated 
in Magill 1987). 

Rosulabryum queenslandicum J.R.Spence & H.RRamsay: a very small species reminiscent of a Gemmabryum, 
but with ovate to obovate leaves, serrulate distal leaf margins and a cylindrical capsule, associated with damp 
seepage banks, on soil in tropical regions of Queensland and the Northern Territory (Fig. 14 E-G). 
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Fig. 14. A-D; Rosulabryum epiphyticum A; habit with sporophyte (moist). B; leaf. C; rhizoidal gemma. D; filamentous 

gemmae (holotype A.J. Downing BRI); E-G; Rosulabryum queenslandicum E; habit with sporophyte. E; leaf G; rhizoidal 

tuber (holotype ].R. Spence 5167 BRI); H-K: Rosulabryum lamingtonicum H: habit with sporophyte. I: leaf, J: filamentous 

gemmae. K: rhizoidal tuber (/.R. Spence 5192 NSW). Scale bars 1.0 mm habit; 0.5mm leaves; 100 pm gemmae. 
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Fig. 15. A-B; Rosulabryum microrhodon A: habit. B: leaf {J.R. Spence 4585 NSW); C-E; Rosulabryum leptothrix C; habit. 

D; leaf E rhizoidal tuber {LG. S.one 22764 MEL); E-I; Rosulabryum capillare E: habit with sporophyte. G: habit sterile dry. 

H; leaf I; rhizoidal tuber {].R. Spence 4364 NSW). Scale bars 1.0 mm habit; 0.5mm leaves; 100 pm gemmae. 
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Fig. 16. A-B; Rosulabryum wightii A; habit with sporophytes. B; leaf (LG. Stone 24277 MEL); C-E; Rosulabryum rubens 



Fig. 17. A-C; Rosulabryum subfasciculatum A: habit with sporophyte, B: leaf. C; rhizoidal tuber (H.P. Ramsay 26/79 NSW); 

D-F; Rosulabryum subtomentosum D: habit with sporophytes. E; leaf F; rhizoidal tuber ( H.R Ramsay 25/77 NSW). Scale 

bars 1.0 mm habit; 0.5 mm leaves; 100 pm gemmae. 
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Fig. 18. A-C; Rosulabryum torquescens A: habit with sporophytes. B: leaf. C: rhizoidal tuber {H.P. Ramsay 45/84 NSW); 

D-G: Rosulabryum billardierii D: habit male plant (D.G. Catcheside 69.266 AD). E: habit with sporophyte. F; leaf. 

G; rhizoidal tuber (I.D. Williams 3874 AD). Scale bars 1.0 mm habit; 0.5mm leaves; 100 pm gemmae. 
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E 

Fig. 19. A-D: Rosulabryum albolimbatum A: habit with sporophyte. B; leaf (D.G.catcheside 53079 AD). C: filamentous gemma 

(W.W. Watts 3463 NSW). D: rhizoidal tuber (P.S. & D.E.A. Catcheside /i7AD); E-G: Rosulabryum campylothecium E; male 

plant. E: plant with sporophyte. G: leaf {W.A. Weymouth NSW). Scale bars 1.0 mm habit; 0.5mm leaves; 100 pm gemmae. 

Rosulabryum rubens (Hedw.) J.R.Spence {=Bryum rubens Hedw.): this species is local in Australasia, on 
disturbed soil and rock, often concrete, and is probably introduced. It has broadly ovate leaves, a weak 
limbidium, serrulate distal leaf margins, and large red tubers with strongly protuberant cell walls (Fig. 15 C-E). 

Rosulabryum subfasciculatum (Hampe) J.R.Spence {=Bryum subfasciculatum Hampe): a distinct fairly large 
tropical-subtropical species found in rainforests of eastern Australia as well as in New Caledonia. The 
elongate stems, twisted and strongly keeled leaves with strongly serrate margins are diagnostic. Records from 
southwestern Australia, Tasmania and South Australia are probably misidentified material of R. subtomentosum 
(Fig.l7A-C). 
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Rosulabryum subtomentosum (Hampe) J.R.Spence {=Bryum subtomentosum Hampe): a robust species closely 
related to R. billardierei, but with a much stronger limbidium, often elongate stems, and a seta that is hooked 
below the capsule. Found mostly across more temperate regions of southern Australia and in New Zealand 
(Fig. 17 D-F). 

Rosulabryum torquescens (Bruch, ex De Not.) J.R.Spence {=Bryum torquescens Bruch, ex De Not.): a distinctive 
common and widespread species of warm climates in many parts of the world, characterized by irregularly 
contorted but not spirally twisted leaves, strongly serrate distal leaf margins, a strong limbidium, polyocious 
sexual condition, and bright red to scarlet rhizoidal tubers. The capsules are also often red at maturity 
(Fig. 18 A-C). 

Rosulabryum wightii (Mitt.) J.R.Spence {=Bryum wightii Mitt.): a robust tropical-subtropical montane species 
distributed along the Great Dividing Ranges south to northern Victoria. This species is the largest member 
of the family in Australia, exceeding Rhodobryum graejfeanum in size, but it lacks the stolons, has a well- 
developed stereid band in the costa, and has enlarged gametangial leaves. This species is also found in southern 
India (Fig. 16 A-B). 
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Abstract 

Zieria fordii Duretto and Z. wilhelminae Duretto (Rutaceae), two species from the Cook and South Kennedy 
Districts of Queensland and morphologically similar to Z. cytisoides Sm., are newly described. Illustrations, an 
updated key to the genus Zieria in Queensland, and information on the distribution, conservation status, and 
ecology for both species are provided. 

Introduction 

Zieria cytisoides Sm. (Rutaceae), along with Z. smithii Jacks, and Z. aspalathoides A.Cunn. ex Benth., is one 
of the most widespread species of Zieria. All three of these species are found from north Queensland (Qld) 
to Victoria. Zieria cytisoides is a morphologically variable species, especially in indumentum density and 
in the size of the leaflets and flowers (Armstrong 2002; Duretto and Forster 2007; George et al 2013). The 
species is distinguished from other species in Zieria by being erect, having leaves usually with a dense stellate 
indumentum on both surfaces, though this is variable on the adaxial surface, leaves and inflorescence parts that 
are not glandular verrucose, sepals that are deflate and densely indumented on the abaxial surface, prominent 
petals that are significantly longer than the sepals, and hairy fruit. 

Plants recently identified as Zieria cytisoides from the two northernmost populations. Mount Emerald (c. 50 km 
SW of Cairns, Cook District, Qld) and Mount Jukes (c. 30 km NW of Mackay, South Kennedy District, Qld), 
though similar to typical Z. cytisoides in being erect and having leaves with a stellate indumentum on both 

surfaces, differ in other important characteristics. The material from Mount Emerald has narrowly deflate 
sepals that are slightly shorter to longer than the petals, and the material from Mount Jukes has glandular 
verrucose leaves and inflorescence parts as well as glabrous fruit. These differences warrant taxonomic 
recognition and Z. fordii Duretto, from Mount Emerald, and Z. wilhelminae Duretto, from Mount Jukes, are 
newly described below. 

As circumscribed by Armstrong (2002), who did not cite specimens from either Mount Emerald or Mount 
Jukes, Zieria cytisoides occurs from Capella (c. 250 km SW of Mackay, Qld) to Victoria. The descriptions of 
Z. cytisoides given by Armstrong (2002) and George et al. (2013) do not include the diagnostic characters of 
either Z. fordii or Z. wilhelminae and accurately describe the variation seen in Z. cytisoides and Armstrong’s 
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circumscription is accepted here. George et al (2013) though, did include Mount Emerald and Mount Jukes 
in their map of Z. cytisoides and list the collection made at Mount Jukes as one of the cited specimens, though 
they did not comment on morphological difference. Zieria cytisoides was not reviewed by Duretto and Forster 
(2007), who noted the species required critical study, and the collections from Mount Emerald and Mount 
Jukes were listed as they were not cited by Armstrong (2002) and represented an extension of range. 

It is important to note that both Zieria fordii and Z. wilhelminae are known from very few and relatively recent 
herbarium collections that were made after 1990. Both species are restricted to fairly accessible areas that 
are close to large urban centres. Zieria fordii was discovered recently in existing herbarium collections when 
the opportunity arose to look through collections at the Australian Tropical Herbarium (CNS). From this 
discovery a review of herbarium collections of Z. cytisoides held at CNS, the National Herbarium of New South 
Wales (NSW) and the Queensland Herbarium (BRI) also revealed the presence of morphologically distinctive 

herbarium specimens assigned here to Z. wilhelminae. These serendipitous discoveries highlight the critical 
need for further general biological exploration and taxonomic work in Australia and the value of existing 
biological collections in which discoveries such as these are made. 

Material and Methods 

Specimens of Zieria cytisoides, Z. fordii, Z. wilhelminae and related species housed at the BRI, CNS and NSW were 
examined, and distinguishing features measured and documented. The holotype of Z. cytisoides, held in the Smith 
Herbarium of the Linnean Society of London (United Kingdom), was viewed online (http://linnean-online.org/ 

smith_herbarium.html; accessed February 2019) to confirm the correct application of that species name. 

Taxonomy 

Zieria fordii Duretto, sp. nov. 

Type: QUEENSLAND: Cook District: NW of Emerald near topo “1089” W of Tolga, 17°12'S, 145°24'E, 2 Jan 
2009, A. Ford 5451 (holotype: CNS 129794; isotypes: BRI AQ849111, CANB n.v., HO n.v., MEL 2455181 n.v., 
NSW 921250). 

Diagnosis: Differs from both Zieria cytisoides and Z. wilhelminae by having sepals slightly shorter to longer 
and wider than the petals (verses sepals shorter and narrower than petals), and smaller petals (2-2.5 mm 
long, versus 3.6-6 mm long for Z. cytisoides, and 2.5-3 mm long for Z. wilhelminae), and additionally, from 
Z. wilhelminae by having branches and inflorescence parts that are not obviously glandular (versus glandular- 
verrucose) and cocci with a dense stellate indumentum (versus glabrous). 

Etymology: Zieria fordii is named after Andrew Ford (CSIRO Atherton) whose keen botanical eye, broad 
knowledge and excellent and numerous herbarium collections have added significantly to our knowledge of 
the Queensland flora. 

Shrub, multi-stemmed, to 1.6 m tall; branches not glandular-verrucose, with a dense stellate indumentum 
with an occasional long simple hair; stellate hairs with rays to 0.5 mm long; simple hairs to 1 mm long. Leaves 
trifoliate, not glandular-verrucose, with a dense stellate indumentum; petiole to 1.5 mm long; leaflets elliptic to 
obovate, 9-20 mm long, 3-9 mm wide, secondary veins visible on abaxial surface, margin slightly recurved, tip 
obtuse. Inflorescence axillary, shorter than leaves, 1-3-flowered, not glandular-verrucose, with a dense stellate 
indumentum; peduncle 1-2 mm long; bracts narrow lanceolate, 2-3 mm long, 0.2-0.5 mm wide; pedicels 
1-3 mm long. Flowers 4-merous. Sepals narrow-deltate, 2-4 mm long, 1-1.5 mm wide, abaxial and adaxial 
surfaces with a dense stellate indumentum. Petals white, 2-2.5 mm long, c. 1 mm wide, abaxial surface with 
a dense stellate indumentum, adaxial surface glabrous apart from being pilose at tip. Stamens 4; filaments 
glabrous. Ovary and style with scattered stellate hairs. Cocci with a dense stellate indumentum, c. 3.5 mm long, 
c. 1.5 mm wide. Seed shiny black-grey, c. 2.5 mm long, c. 1.5 mm wide, with faint, longitudinal rows. (Figs 1,2) 

Distribution: The species is confined to Mount Emerald, c. 50 km south-west of Cairns. 

Habitat and ecology: Zieria fordii is found in exposed heathland with scattered mallee on rhyolite as well as 
sheltered wet gullies. The species resprouts after fire (A Ford pers. comm.). 

Flowering and Fruiting: Flowering material has been collected in January to July, and fruiting material in 

April to July. 
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Fig. 1. Zieria fordii: a - habit; b - detail of adaxial surface of leaflet; c - detail of abaxial surface of leaflet; d - flower, side 

view; e - stem, a-e - Ford 5451 (NSW). Scale bar = 2 cm for a; 0.33 cm for b-e. Illustration; L. Elkan. 

Fig. 2. Zieria fordii: a - branch; b - branch with flowers; c - branch with flowers and fruit, a and c - Ford 6744 (CNS); 

b - Ford 6743 (CNS). Photographs; A. Ford. 
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Conservation status: Zieria fordii is not currently listed as a threatened species under Federal or State 
legislation. The species would probably qualify to be formally listed as a threatened species using lUCN (2017) 
criteria as it is known from a single population of c. 300 plants (A Ford,pm. comm. 2019) that has a restricted 
geographic distribution. Surveys are required to ascertain the extent and size of the known population, if there 
are any additional populations, and whether there are any threats to the species. Mount Emerald has a wind 
power station and any expansion of that facility and associated infrastructure could pose a threat to Z. fordii. 

Notes: Barrett et al (2014,2018) included one of the isotypes of Zieria fordii {Ford 5451, BRIAQ849111; called 
Z. cytisoides AF5451) in their molecular phylogenetic studies using chloroplast or nuclear DNA sequence 
data. Analysis of chloroplast DNA data resolved Z. fordii in a supported sister relationship with Z. obcordata 
(NSW) (Barrett et al 2014), while the nuclear DNA resolved Z. fordii sister to Z. whitei (NE Qld), again with 
support (Barrett et al 2018). Barrett et al (2014,2018) included a specimen of the typical form of Z. cytisoides 

in their analyses as well which came from central New South Wales. Chloroplast DNA data resolved this 
collection as part of a strongly supported polytomy with Z. compacta (SE Qld, NSW) and Z. odorifera (NSW), 
while the nuclear DNA resolved it, with strong support, with Z. hydroscopica (SE Qld). The conflict between 
the two analyses was significant (Barrett et al 2018) and the taxa both Z. fordii and Z. cytisoides grouped with 
are not what these species are classified near on morphological grounds (see George et al 2013). Barrett et 
al (2018) discussed the widespread incongruence between the two datasets and concluded that incomplete 
lineage sorting, rather than introgression of the chloroplast DNA, would best describe the patterns observed. 

Additional specimens seen: QUEENSLAND: Cook District: Mt Emerald, 17°12'S 145°24'E, 24 May 2000,/. 
Holmes 177, (BRI, CNS); Herberton Range, west of Tolga headwater of Rocky Creek, 17°12'S 145°25'E, 22 Apr 

2011, A. Ford 5839 (BRI, CANB n.v., QRS); Great Dividing Range, southern approach to Mt Emerald, west of 
Tolga, 19 July 2019, A Ford 6743 (CNS n.v. [photograph of plant seen]); Tributary of Rocky Creek, c.l km east 
of Mt Emerald, west of Tolga, 19 Jul 2019, A Ford 6744 (CNS n.v. [photograph of plant seen]). 

Zieria wilhelminae Duretto, sp. nov. 

Diagnosis: Differs from both Zieria cytisoides and Z. fordii by having glandular-verrucose branches and 
inflorescence parts (verses not glandular-verrucose) and glabrous cocci (versus with a dense stellate 
indumentum), and additionally from Z. fordii by the sepals being much shorter and narrower than the petals 
(versus slightly shorter to longer and wider). 

Type: QUEENSLAND; South Kennedy District: Mount Jukes National Park [now Pioneer Peaks National 
Park], about 30 km NW of Mackay, 21°00'S 148°57'E, 16 May 1991, A.R. Bean 3182 (holotype: BRI AQ505570; 
isotypes: CANB 711967 mv.,MEL 0306828 mv.,NSW 841343). 

Etymology: Zieria wilhelminae is named after my mother, Wilhelmina (Willy) Duretto (nee Verhey) whose 
support, encouragement and overall positive attitude is one of the main reasons why I am a practicing 
systematist today. After emigrating to Australia from the Netherlands with her family, she grew up in Mount 
Martin in the Mackay area and visited friends who lived nearby at Mount Jukes. 

Shrub, multi-stemmed, to 1.2 m tall; branches slightly glandular-verrucose, with a dense stellate indumentum; 
stellate hairs with rays to 0.1 mm long. Leaves trifoliate, slightly to noticeably glandular verrucose, raised 
glands are especially noticeable on the adaxial surface and on the abaxial midrib, abaxial surface with a dense 
stellate indumentum, adaxial surface with a moderately dense and minute stellate indumentum, indumentum 
becoming less dense with age; petiole 6-10 mm long; leaflets elliptic to oblanceolate, 16-33 mm long, 4-8 mm 
wide, secondary veins visible on abaxial surface, margin slightly recurved, tip acute. Inflorescence axillary, 
shorter than to slightly longer than leaves, glandular verrucose, with a dense stellate indumentum; peduncle 
10-25 mm long; bracts narrow lanceolate, 1.5-3 mm long, linear; pedicels 1.5-2 mm long. Flowers 4-merous. 
Sepals deflate, 1-1.5 mm long, 1-1.5 mm wide, abaxial and adaxial surfaces with a dense stellate indumentum. 
Petals white, 2.5-3 mm long, c. 1.5 mm wide, abaxial surface with a dense stellate indumentum, adaxial surface 
glabrous apart from being pilose at tip. Stamens 4; filaments glabrous. Ovary and style glabrous. Cocci glabrous, 
3-3.5 mm long, 1.5-2 mm wide. Mature seed not seen. (Eig. 3) 

Distribution: The species appears to be confined to Mount Jukes, Pioneer Peaks National Park, 30 km north¬ 
west of Mackay, Queensland. 

Habitat: Zieria wilhelminae is found on the upper slopes of Mount Jukes, in skeletal soils with Hibiscus spp. 
and Leptospermum neglectum. 

Flowering and Fruiting: Flowering and fruiting material collected in May. 



Zieria fordii and Z wilhelminae (Rutaceae) Telopea 22: 135-140, 2019 139 

Fig. 3. Zieria wilhelminae: a - habit; b - detail of abaxial surface of leaflet; c - detail of adaxial surface of leaflet; d - stem; 

e - flower, side view; f - fruiting flower, a-e - Bean 3184 (NSW). Scale bar = 2 cm for a; 0.33 cm for b-f Illustration; L. Elkan. 

Conservation status: Zieria wilhelminae is known from a single herbarium collection made in Pioneer Peaks 

National Park. The species is not currently listed as a threatened species under Federal or State legislation. It 
would probably qualify to be formally listed as a threatened species using lUCN (2017) criteria as it is known 
from a single population that has a highly restricted geographic distribution. Collection details associated with 
the herbarium specimen indicate that the species was common where found. Surveys in the Mount Jukes area 
are required to ascertain the extent and size of the known population, if there are any additional populations, 
and if there are any threats to the species. 
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Specimens: Known from the type material only. 

Modified key to the species of Zieria found in Queensland, adapted from Duretto and Forster (2007) 

Replace couplets 10 and 14 with: 

10. Branches, and even the glands usually, densely tomentose. 10a 

Young branches glabrescent or with a sparse indumentum between the glands, 
glands mostly glabrous.11 

10a. Leaflets narrowly elliptic, 3.5-5.5 mm wide, tip obtuse; petals c. 2 mm long.33. Z. vagans 

Leaflets elliptic to oblanceolate, 4-8 mm wide, tip acute; petals 2.5-3 mm long.Z. wilhelminae 

14. Sepals slightly shorter to longer and wider than petals, 2-4 mm long; 
petals 2-2.5 mm long. Z. fordii 

Sepals significantly shorter and narrower than petals, 1-3.5 mm long; 
petals 2-6 mm long.14a 

14a. Leaflets elliptic to obovate with a length/width ratio 1.8-3.3, abaxial surface 
shaggy with hairs to 1 mm long, with prominently raised secondary veins; 
petals 3.6-6 mm long. 11. Z. cytisoides 

Leaflets narrow-elliptic to oblong with a length/width ratio of 3.7-6, abaxial surface 
stellate tomentose with hairs less than 0.2 mm long, with obscure or slightly raised 
secondary veins; petals 2-2.5 mm long.32. Z. tenuis 
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Abstract 

The interspecific hybrid Potamogeton xsalicifolius {= P. lucens x P. perfoliatus), so far known only from several 
countries of Europe and a few countries of Asia, was discovered in Western Australia. Morphology of the 
Australian specimens fits the range of variation observed in Eurasian specimens. DNA sequencing confirmed 
the morphological identification as a hybrid P lucens x P perfoliatus, and identified P lucens as the maternal 
parent. This identity is surprising because neither of the parental species are known to occur in Western 
Australia and P lucens currently does not even occur in the continent. Three possible explanations for the 
occurrence of P xsalicifolius in Western Australia are discussed: its relictual occurrence from a time when both 
the parental species occurred there, long-distance dispersal of a hybrid seed from Eurasia and the remnant of 
local cultivation or intentional planting. 

Introduction 

Adaptations of aquatic plants to their water environments often result in considerable morphological reduction, 
extensive phenotypic plasticity, and parallel evolution of traits (Sculthorpe 1967; Barrett et al 1993; Kaplan 
2002). The taxonomic complexity of aquatic plants is often further increased by interspecific hybridization 
(Cook 1970; Les and Philbrick 1993; Moody and Les 2007). This makes their taxonomy difficult because 
species often cannot be easily sorted based on morphology (Kaplan and Symoens 2005; Kaplan 2008; Moody 
and Les 2010; Kaplan and Marhold 2012; Kabatova et al 2014; Prand et al 2014,2018). 

The cosmopolitan genus Potamogeton L. (Potamogetonaceae) has the highest species diversity among all 
aquatic plants (Wiegleb and Kaplan 1998). It includes about 72 species and at least 100 hybrids (Kaplan 2010; 
Kaplan and Fehrer, unpublished data), with the centre of diversity in temperate regions of the Northern 
Hemisphere. The occurrence of hybrids in this genus was first suggested in the late 19* century (see the 
reviews in Wiegleb et al 2008 and Kaplan et al 2009). Until recent times, detection of hybrids was mostly 
based on morphological intermediacy, or more specifically, the deviation from the variation ranges of the 
parental species. Stem anatomy was also used to provide additional characters for comparison with potential 
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parental species (Raunkiaer 1903; Fischer 1907, Hagstrom 1916; Kaplan 2001,2005a, b; Zalewska-Galosz et al 
2010) . However, only the application of isozyme electrophoresis (Hollingsworth et al 1995; Fant et al 2001a, b; 
Kaplan et al 2002; Kaplan and Wolff 2004) and DNA-based techniques (Kaplan and Fehrer 2004,2006,2009; 
Ito et al 2007; Du et al 2009; Zalewska-Galosz et al 2009) provided unequivocal evidence for the existence 
of many of the hybrids. In addition, molecular analyses have recently provided insight into the previously 
unknown parentage of several hybrids (Kaplan and Fehrer 2011; Zalewska-Galosz et al 2018), contributed to 
the discovery of several entirely new hybrid combinations (Kaplan et al 2009, 2018; Zalewska-Galosz et al 
2010; Bobrov et al 2013) and even confirmed the existence of a natural triple hybrid (Kaplan and Fehrer 2007). 

Potamogeton hybrids are patchily distributed. Almost all records come from relatively few regions of the 
Northern Hemisphere (see Kaplan 2010), and only recently have Potamogeton hybrids been identified for 
the Southern Hemisphere, in Australia (Kaplan et al 2011) and Argentina (Ito et al 2016). 

The diversity of Potamogeton in Australia started to be thoroughly investigated by European botanists in the 
late 1870 s and all the currently recognized species that are confined to Australia were discovered and described 
during the following four decades (Bentham and Mueller 1878; Bennett 1887,1892a, b, 1902,1910; Hagstrom 

1916). The most recent revision of Potamogeton for the Flora of Australia recognized 11 species (Papassotiriou 
et a/. 2011). However, the recent detection of a new hybrid, Potamogeton xjacobsii Z.Kaplan et al (Kaplan et al 
2011) , indicated that Australian diversity remains incompletely documented. 

In 1981, C. B. Hellquist collected a pondweed specimen {Hellquist 15099,NASC) in the Fortescue River, Western 
Australia, which morphologically did not fit any Australian species. With its elliptical submerged leaves that are 
semi-amplexicaul at the base, it was most similar to Potamogeton xsalicifolius Wolfg., an interspecific hybrid 
between P lucens L. and P. perfoliatus L. However, while P perfoliatus is known from Australia, P lucens is not, 
and the identity of the Fortescue River specimen as P xsalicifolius, only known from Eurasia, would be very 
surprising. We therefore visited the site where this plant was first observed and re-collected it for elucidation 
of its relationships using DNA sequencing. 

The aim of this study was to (1) determine whether the Eortescue River pondweed is a so far unknown species 
with homogenized nuclear DNA sequences or a hybrid with sequence additivity, and if the latter (2) whether 
or not the identity of P. lucens x P perfoliatus, as inferred from morphology, is supported by sequence additivity 
patterns, and (3) determine which of these parental species has provided the maternal chloroplast DNA. 

Materials and methods 

Plant material 

The putative hybrid {Jobson 2554 and Baleeiro; Jobson 3302) was collected from Deep Reach Pool (~2.3 km 
long, 0.1 km wide; 21°37’06.3”S, 117°06’45.8”E; Pig. 1), located along the Fortescue River about 5 km SE of 
Millstream Station (Millstream-Chichester National Park), Western Australia, in October 2014 and March 

2017 (Fig. lA). This seasonal waterway, located in an arid catchment of the Pilbara region, consists of semi¬ 
permanent and permanent pools maintained by groundwater inflows and rainfall (Pinder and Leung 2009). 
Plants were submerged with leaves and mature inflorescences held just below the surface, and shoots affixed 
at about 2-3 m depth along both banks (Fig. IB). The population was observed at seven non-systematically 
selected sites around the entire waterbody. Samples of the putative parental species used for genetic comparison 
come from Australia, Europe, Asia and North America (Table 1). Both putative parental species are tetraploid 
(Kaplan et a/. 2013). Voucher specimens from the putative hybrid are preserved in both the National Herbarium 
of New South Wales (NSW) and the herbarium of the Institute of Botany, Pruhonice (PRA), and vouchers 
for all samples of the parental species are preserved in PRA. A morphological assessment of the putative 
hybrid was carried out, based on fresh material and herbarium vouchers. All characters traditionally used in 
Potamogeton taxonomy were scored. 
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Fig. 1. A. Arid Pilbara landscape showing the Deep Reach Pool of the Fortescue River, WA; B. Habitat along edge of pool; 

C. Potamogeton xsalidfolius, main stem and inflorescence; D. Spike. Material used in C and D = Jobson 3302. All images 

by R.W. Jobson. 

Table 1. Accession origins and GenBank accession numbers. 'Sample' indicates the reference numbers of the isolates used 
in our analyses or are adopted from GenBank. 

Species Sample Origin ITS rp/20-5'rps12 

P lucens 317 Czech Republic: distr. Pardubice, Hrobice, Baroch fispond, 

coll. Z Kaplan 96/627 (PRA) 

EF174584 EF174595 

858 Netherlands: prov. Limburg, Arcen, coll. P. Denny, cult, and 

coll. Z Kaplan 858 (PRA) 

EF174583 EF174594 

1551 Japan: Kyushu, Fukuoka Prefecture, Kitakyusyu, coll. N. 
Tanaka, cult, and coll. Z. Kaplan 1551 (PRA) 

HQ263508 HQ263452 

1762 Japan: Honshu, Chiba Prefecture, Tokyo, Tega River, coll. N. 
Tanaka, cult, and coll. Z. Kaplan 1762 (PRA) 

HQ263509 HQ263453 

2109 Finland: South Hame, Hollola, Lake Vesijarvi, coll. Z. Kaplan 
and P. Uotlla 09/318 (PRA) 

HQ263510 HQ263454 

2146 Russia: Siberia, prov. Irkutsk, distr. Ziminskiy, Ignay, Zima 

River, coll. Z. Kaplan and 17 Chepinoga 09/372 (PRA) 

HQ263511 HQ263455 

2163 Germany: Mecklenburg-Vorpommern, Feldberg, Lake 

Schmaler Luzin, coll. Z. Kaplan 09/334 (PRA) 

HQ263512 HQ263456 

TNS:Yu 

lto:YI00049 

Japan n.a. AB871496 

P. lucens X P. 
perfoliatus 

3273/3421 Australia: Western Australia, Millstream Station, Fortescue 

River, coll. R. 1/1/ Jobson 2554 and P. Baleeiro (NSW, PRA) 

and R. 1/1/ Jobson 3302 (NSW, PRA) 

MK418991, 

MK418992 

MK432608 
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Species Sample Origin ITS rp/20-5'rps12 

P. perfoliatus NSW807556 Australia AB937782 n.a. 

979 Switzerland: canton Sankt Gallen, Rorschach, Altenrhein, 

Lake Constance, coll. Z Kaplan 981125 (PRA) 

AY529527 DQ468862 

985 Austria: Vorarlberg, Bregenz, FuBach, Lake Constance, coll. 

Z Kaplan 98/131 (PRA) 

HQ263520 HQ263462 

1002 Sweden: prov. Skane, Sjdbo, Bjorka, Bjdrkaan stream, coll. 

Z. Kaplan 98/338 (PRA) 

AY529526 DQ468863 

1470 Germany: Bavaria, Ebing, Main River, coll. L. Meierott, cult, 

and coll. Z. Kaplan 1470 (PRA) 

AY529525 EF174597 

1626 USA: Vermont, Orleans Co., West Glover, Lake Parker, coll. 

Z. Kaplan and C. B. Hellquist 05/360 (PRA) 

EU596953 EU596944 

1817 Bosnia and Herzegovina: Poklecani, Blidinje Lake, coll. 7. 

Pokorny, cult, and coll. Z. Kaplan 1817 (PRA) 

HQ263521 HQ263463 

1861 USA: New York, Clinton Co., Ausable, Lake Champlain, 

coll. C. B. Hellquist 16968 (PRA) 
HQ263522 HQ263464 

1893 Czech Republic: distr. Sokolov, Dasnice, Ohre River, coll. Z. 

Kaplan 07/350 (PRA) 

HQ263523 HQ263465 

Molecular procedures and data analyses 

DNA isolations, PCR amplifications, purification and sequencing of the nuclear ribosomal ITS region and 
the rp/20-5’rp5l2 chloroplast intergenic spacer were all performed as described in Kaplan and Fehrer (2004, 
2006). Both molecular markers have been used previously for molecular hybrid identification and are able 
to unequivocally distinguish all species closely related to the putative parents, R perfoliatus and R lucens. In 
addition to direct sequencing, ITS of one hybrid sample was cloned as described in Fehrer et al (2009); five 
clones were sequenced with the forward primer. Sequences were submitted to GenBank; accession numbers 
are included in Table 1. ITS and rp/20-5’rpsI2 sequences of the hybrid samples were aligned with sequences 
of the putative parents in Bioedit (Hall 1999). Variable positions (intra- and interspecific differences and 
variation among clones in the hybrid) are summarized in Tables 2 and 3. 

Table 2. Diagnostic characters of P. lucens and P. perfoliatus - ITS region. Variable positions in the alignment are listed. For 
the hybrid, five cloned sequences are included and forward as well as reverse direct sequence reads of two hybrid samples 
until indel positions (446, 661-662) from either side. Polymorphic sites (double peaks) are represented by lUPAC ambiguity 
codes (y: C or T, w: A or T, s: G or C, k: T or G, r: A or G, m: A or C). 'n.a.'- not available. Lower case letters indicate the 
unequal proportion of bases derived from the parents; d- and ca/- are optional indels creating sequence shifts. 

Species / sample -ITS1- -ITS2- 

56 58 81 84 95 113 120 130 182 202 261 273 447 453 457 463 466 661- 665 673 684 706 

662 

P. lucens 317 A C A G G A C T c G C G G A T C c CA C c A G 

P lucens 858 A C A G G A C T c G C G G A T C c CA C c A G 

P lucens 1551 A C A G G A C T c G C G G A T c c CA C c A G 

P lucens 1762 A C A G G A C T c G C G G A T c c CA C c A G 

P lucens 2109 A C A G G A C T c G C G G A T c c CA C c A G 

P lucens 2146 A C A G G A C T c G C G G A T c c CA C c A G 

P lucens 2163 A C A G G A C T c G C G G A T c c CA C c A G 

P lucens X P perfoliatus 
3273 clonel 

A C A G G A c T c G C G G A T c c CA C c A G 

P lucens X P perfoliatus 
3273 clone2 

A C A G G A c T c G C G G A T c c CA C c A G 

P lucens X P perfoliatus 
3273 clone3 

A C A G G A c T c G C G G A T c c CA C c A T 

P lucens X P perfoliatus 
3273 clone4 

A C A G G A c T c G C G G A T c c CA C c A T 

P lucens X P perfoliatus 
3273 clone5 

A C A G G A c T c G C G G A T c c CA C c A T 

P lucens X P perfoliatus 
3273 direct reads 

A y w s k w y y y k y r k m w y d- ca/- y y w K 

P lucens X P. perfoliatus 
3421 direct reads 

A y w s k w y y y k y r k m w y d- ca/- y y w K 
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Species / sample ITC1 ITS? 

56 58 81 84 95 113 120 130 182 202 261 273 447 453 457 463 466 661- 

662 

665 673 684 706 

R perfoliatus NSW807556 A T T C T T T C T T T A T C A T - n.a. n.a. n.a. n.a. n.a. 

R perfoliatus 979 A T T C T T T C T T T A T C A T - T T T G 

R perfoliatus 985 A T T C T T T C T T T A T C A T - T T T G 

R perfoliatus 1002 A T T C T T T C T T T A T C A T - T T T G 

R perfoliatus 1470 A T T C T T T C T T T A T C A T - T T T G 

R perfoliatus 1817 A T T C T T T C T T T A T C A T - T T T G 

R perfoliatus 1893 A T T C T T T C T T T A T C A T - T T T G 

R perfoliatus 1626 T T T C T T T C T T T A T C A T - T T T G 

R perfoliatus 1861 T T T C T T T C T T T A T C A T - T T T G 

Table 3. Diagnostic indels and substitutions of P. lucens and P. perfoliatus - chloroplast DNA (rp/20-5'rps12). 

Species / sample Position in alignment 

97 255 429-436 

P lucens 317 C G TTCACAAT 

P lucens 858 C G TTCACAAT 

P lucens 2109 c G TTCACAAT 

P lucens 2146 c G TTCACAAT 

P lucens 2163 c G TTCACAAT 

P lucens 1551 c G TTCACAAT 

P lucens 1762 c G TTCACAAT 

R /ucensTNS:Yu lto:YI00049 c G TTCACAAT 

R lucens x R perfoliatus 3273 c G TTCACAAT 

P perfoliatus 979 G T 

P perfoliatus 985 G T 

P perfoliatus 1002 G T 

P perfoliatus 1470 G T 

P. perfoliatus 1626 G T 

P perfoliatus 1817 G T 

P perfoliatus 1861 G T 

P perfoliatus 1893 G T 

516-522 551 554 616 751-761 

TTCAAGA A C c TCATTGATACT 

TTCAAGA A C c TCATTGATACT 

TTCAAGA A c c TCATTGATACT 

TTCAAGA A c c TCATTGATACT 

TTCAAGA A c c TCATTGATACT 

A c c TCATTGATACT 

A c c TCATTGATACT 

A c c TCATTGATACT 

A c c TCATTGATACT 

G c c 

G c c 

G c T 

G c c 

G T c 

G c c 

G c c 

G c c 

Results 

Morphological assessment 

The Potamogeton from the Fortescue River shows the following morphology (Figs 1 & 2). Stems are terete, 
unbranched or sparingly branched, with internodes 4-46 mm long. Submerged leaves are sessile, oblong 
to elliptical, sometimes slightly dorsally recurved, 33-92 mm long, 10-18 mm wide, 2.4-6.1 times longer 
than wide, translucent, yellowish green, sometimes with a pink tinge, 7-15-veined, with a prominent midrib, 
sometimes slightly undulate at margins, very minutely and sparsely denticulate on young leaves, with denticles 
fugacious and absent on older leaves, acute to rounded and apiculate at the apex, semi-amplexicaul at the base. 
Floating leaves are absent. Stipules are axillary, convolute, 7-22 mm long. Inflorescences are terminal, with 
peduncle 30-70 mm long and spike 7-17 mm long. Flowers are numerous, with 4 abortive carpels (Fig. 1C, D). 
Fruits have not been observed and are presumably not produced, as in the great majority of Potamogeton 
hybrids, which are consistently sterile. This morphology fits the descriptions of P xsalidfolius given in the 
literature (Preston 1995; Zalewska-Galosz 2003; Kaplan 2007). 
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Fig. 2. Herbarium specimen of vegetative shoots of Potamogeton xsalicifolius from the Deep Reach Pool cultivated in a 

garden. Image by Z. Kaplan. 
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Molecular identification 

ITS sequences of the putative hybrid samples were almost entirely homogenized. Surprisingly, the dominant 
sequence corresponded to R lucens (Table 2); also, all five cloned sequences were identical with that species 
except for a single polymorphism (position 706) not present in either putative parent. Careful inspection of 
forward and reverse direct sequencing reads showed 18 small additional peaks and two shifts corresponding 
to diagnostic positions differing between R lucens and R perfoliatus. This variation was additive for the two 
species, indicating they are indeed parents of the hybrid. According to relative peak heights observed in 
direct sequencing, the R. perfoliatus ITS variant constituted 2-5% of the total amount and would therefore 
be detectable among clones only if a very large number of them were sequenced. Eurasian ITS sequences 
representing R lucens were identical, while those of R perfoliatus differed between European / Australian and 
North American accessions, with the latter showing a single substitution at a non-additive site (position 56; 

Table 2). To verify the unexpected findings obtained from our initial sample {Jobson 2554 and Baleeiro), a 
second hybrid sample {Jobson 3302; Table 1), collected three years later, showed matching patterns in terms 
of relative ratios of parental ITS variants and the same unique shared polymorphic site indicating they may 
belong to the same vegetative clone (Table 2). 

Chloroplast DNA, known to be inherited maternally in Rotamogeton (Kaplan and Eehrer 2006), showed sequence 
identity between the hybrid and Japanese accessions of R lucens, which differed from other samples of that species 
by a single indel mutation (Table 3). All other Rotamogeton species can be excluded as potential parents as they 
differ morphologically, genetically and phylogenetically (Lindqvist et al 2006; Kaplan et al 2013). 

Distribution in Australia 

Examination of herbarium collections of CANB, MEL, NSW and PERTH did not reveal other occurrences of R 
xsalidfolius in Australia. However, two earlier specimens from the Fortescue River were discovered in PERTH: 
one was collected in 1974 {G.W.Carr & A.C.Beauglehole 5073, PERTH 3866297) and the other in 1975 {M.Evans 
s.n., PERTH 3866300). Both specimens are sterile and were identified as R tepperi A.Benn. by their collectors. 

Discussion 

DNA sequences have confirmed the morphological identification of the Rotamogeton samples from the 
Fortescue River as a hybrid R lucens x R perfoliatus. This hybrid is known from Eurasia under the binomial 
R xsalicifolius,where it has been recorded in several European countries (Preston 1995, Zalewska-Galosz 2003; 
Kaplan and Zalewska-Galosz 2004; Kaplan 2007; Bobrov and Sinjushin 2008; Wiegleb et al. 2008; Lastrucci et 

al. 2010), in Turkey (Aykurt et al. submitted) and southern Siberia (Kashina 2000). In none of these regions 
is it common, instead R. xsalidfolius is confined to a single or a few sites. It usually co-occurs with its parental 
species, or at least it is found in areas where both species are recorded. However, in this case, neither of 
the parental species is known to occur in Western Australia. Rotamogeton perfoliatus has a large range, it is 
widespread mainly in the Northern Hemisphere (Wiegleb and Kaplan 1998) and is also found in eastern and 
south-eastern Australia (Papassotiriou et al. 2011). Rotamogeton lucens is distributed in Eurasia, southwards 
to northern and eastern Africa, Luzon and Guam, but not Australia (Stone 1971, Wiegleb and Kaplan 1998, 
Wiegleb 2002, Papassotiriou et al. 2011). With the absence of both parental species in Western Australia, the 
question of origin is raised for the presence of R. xsalidfolius found in the Fortescue River. We provide below 
three possible explanations: 

(1) Relict from a past occurrence of the parental species in Western Australia: Previous studies conducted in 
Europe showed that sterile Rotamogeton hybrids can persist vegetatively in the absence of the parental species 
for very long periods, up to centuries or even millennia, presumably as remnants after one or both parents 
disappeared (e.g. Preston et al. 1998; Kaplan and Eehrer 2004, 2009, 2011, 2013; Kaplan et al. 2009; Kaplan 
and Uotila 2011). Recently, Kaplan et al. (2018) identified a sterile clone of R. pulcher Tuck, x R. oakesianus 
J.W.Robbins persisting for a long time in Florida, USA, although R. oakesianus currently does not occur in 
Florida, and its nearest sites are as distant as in Virginia, approximately 1,100 km away. Almost complete 
homogenization of ITS sequences towards one of the parents in the absence of meiotic recombination suggests 
in both cases that the vegetative clones do not represent recently formed hybrids. Under this hypothesis, 
R. lucens and R. perfoliatus both occurred in Western Australia in the past and gave rise to their hybrid, which 
has persisted there after the extinction of the parents. 

(2) Long-distance dispersal of a hybrid seed: The parental species need not be present in Western Australia, 
but the hybridization event may have occurred in the area of sympatry of the parental species in Asia, perhaps 
in Japan according to the particular chloroplast haplotype of R. lucens, with the hybrid seed transported to 
Australia via birds, in their guts or embedded in their feather matrix. Both continents are indeed connected 
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by bird migration routes (e.g., Alerstam 1990, Berthold 2001, Newton 2008), which are known as a means of 
transport of plant propagules (e.g., Figuerola and Green 2002, Santamaria et al 2002). However, this opens 
up the question of why it was only the hybrid seed that was transported but not a seed of the parental species, 
considering the fact that in the regions where R xsalicifolius was recorded, it is always rarer than the parental 
species. Although hybrid seed is likely more common in the habitat than established adult individuals, the 
number of populations of either of the parental species (thus not affected by hybridization), would be higher 
than the number of mixed or sympatric populations containing both parent species. Consequently, seeds of 
the parental species would much more likely be transported by birds than the hybrid seeds. An explanation 
may be that even if seeds of P. lucens were transported to Australia they may not have found suitable ecological 
conditions to persist, in contrast to the hybrid seed that may have been fitter due to heterosis resulting from 
mixing the genetic contributions of its parents (Rieseberg and Carney 1998). A similar situation involves 
R xlanceolatifolius (Tiselius) C.D.Preston, a sterile hybrid of R gramineus L.xR nodosus Poir., which persists 
in Sweden despite R nodosus (apparently adapted to warmer climates) never being recorded from Scandinavia 
(Kaplan and Fehrer 2011). 

(3) Remnant of local cultivation or intentional planting: The plants of R xsalicifolius in the Fortescue River 
may have either been planted there or escaped from cultivation. The major spring feeding the Deep Reach 
Pool is fed from the dolomite-rich Millsteam aquifer (Pinder and Leung 2009). Not far from the Deep Reach 

Pool (c. 3 km), is an associated small spring-fed pondage formerly used as a water supply for the household 
and vegetable garden for the former Millstream Station Homestead which was a working sheep/cattle station 

between 1865 and 1975. The pondage contains various introduced aquatic plants that may have been sourced 
directly or indirectly from foreign material. Although the creek leading from the pondage runs directly 
into Deep Reach Pool, the shallow waterbody seemed an unsuitable habitat for R xsalicifolius, with a search 
uncovering no plants (R.W.Jobson pers. obs.). However, Potamogeton are generally very rarely grown in 
garden pools, and cultivation of sterile hybrids is probably restricted to a few specialized gardens worldwide. 
It is therefore highly unlikely that this rather rare hybrid of Eurasian (probably Japanese) origin was grown in 
Western Australia. In any case, examination of herbarium collections of CANB, MEL and NSW did not reveal 
other occurrences of R xsalicifolius in Australia, either in cultivation or in the wild. 

Conclusions 

We discovered the hybrid Potamogeton lucens x R perfoliatus in Western Australia. So far, this sterile hybrid 
has been known only from Eurasia under the binomial R xsalicifolius. Its identification is unequivocal based 
on both morphology and the DNA sequence data. In Western Australia it occurs in the absence of its parental 
species. There are several potential explanations for how it got there, including its relict occurrence from the 
time when both the parental species occurred in Western Australia, long-distance dispersal of a hybrid seed 
and the remnant of local cultivation or intentional planting. While there is circumstantial evidence for each of 
these possibilities, the actual origin of the vegetative hybrid clone remains unknown. 
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Abstract 

New combinations in Cranfillia (Blechnaceae: Polypodiopsida) are provided for: Blechnum aequabile 
T.C.Chambers, B. humile T.C.Chambers, B. megavulcanicum T.C.Chambers, Blechnum nukuhivense E.D.Br., 
B. phanerophlebium Baker ex C.Chr., B. venosum Copel., Blechnum vulcanicum var. feani E.D.Br. (B. feani 
(E.D.Br.) T.C.Chambers), and Blechnum vulcanicum var. tovii E.D.Br. {B. tovii (E.D.Br.) T.C.Chambers) and 
Lomaria deltoides Colenso {Blechnum deltoides (Colenso) T.C.Chambers, following the generic classification 
accepted by the Pteridophyte Phylogeny Group. 

Introduction 

Chambers and Wilson (2019) revised Blechnum vulcanicum (Blume) Kuhn offering a narrower circumscription 
of that species recognising three new species and reinstating three species previously treated as synonyms of 
B. vulcanicum. In their paper the authors adopted the broad ‘traditional, inclusive view’ of the Blechnaceae 
because this was ‘favoured by the senior author’ (see Chambers and Wilson 2019, p. 43). Chambers and Wilson 
(2019) did note however, that under the classification of Gasper et al. (2016) their species would ‘fall into the 
segregate genus Cranfillm. 

World opinion on the segregation of the Blechnaceae is varied. In Australia, at least for now (M.A.M. Renner 
pers. comm.), consensus seems to favour recognition of a broadly circumscribed Blechnum (see the Australian 
Plant Consensus (Council of Heads of Australasian Herbaria (CHAH) 2018, accessed 19 August 2019) as 
advocated by Perrie et al. (2014) whereas elsewhere the narrower circumscription of Blechnum advocated by 
Gasper et al. (2016), Pteridophyte Phylogeny Group 1 [PPG 1] (2016), Gasper et al. (2017) and Dittrich et al. 
(2017) has been more or less adopted, e.g. Farris et al. (2018), Smith & Kessler (2018), da Silva etal. 2019; Molino 
et al. (2019), Jaman {in press). In New Zealand however, a consensus view has not been achieved with the 
New Zealand Plant Names Database Ngd Tipu o Aotearoa (NZPND, accessed 6 August 2019) following Perrie 
et al. (2016) in recognising only Blechnum whilst the New Zealand Plant Conservation Network (NZPCN, 
accessed 6 August 2019) accept the treatment of Gasper et al. (2016).Outside these websites opinions vary but 
there does seem to be an increasing acceptance of the narrower circumscription of Blechnum e.g., Wilcox and 
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Warden (2017), Heenan and McGlone (2019). From a New Zealand perspective then, the recent treatment of 
Blechnum vulcanicum by Chambers and Wilson (2019) leaves Blechnum deltoides (Colenso) T.C.Chambers 
without a legitimate name in Cranfillia. Furthermore, the revision by Chambers and Wilson (2019) also leaves 
five further taxa without names in Cranfillia. Accordingly, we provide here the necessary combinations for 
those who wish to follow PPC 1 (2016). 

Taxonomic Treatment 

Cranfillia aequabilis (T.C.Chambers) Parris et de Lange comb. nov. 

Basionym: Blechnum aequabile T.C.Chambers Telopea 22: (47) (2019) 

Type: Fiji: Vanua Levu: Mt Delaikoro, 1000 m, Apr 1962, R.G. Robbins s.n. (holotype: NSW 383759 n.v.). 

= Lomariapilosa Brack. auct.,pro parte, U.S. Expl. Exped. 16: 125-6 (1854). 

= Blechnum vulcanicum var rapense E.D.Br., Bull. Bernice R Bishop Mus. 89: 72 (1931) 

Type (fide Chambers & Wilson 2019): Rapa, Feb 1922, E.H. Quayle XX (holotype: BISH 1000234 n.v.). 

Cranfillia deltoides (Colenso) de Lange et Parris comb. nov. 

Basionym: Lomaria deltoides Colenso, Tasmanian J. Nat. Sci. 1: 376 (1843) 

Type citation: Tn woods in Te Waiiti District, nearly same locality as preceding. January, 1842.’ 

Type: New Zealand: North Island: Shaded woods, Te Waiiti, Interior, Dec 1841, Colenso s.n. (holotype: WELT, 
P03239!; isotypes: [New Zealand, Colenso 290] K 001092698 n.v.) 

=Lomaria deflexa Colenso, Tasmanian J. Nat. Sci. 2: 178 (1845) non Lomaria deflexa Baker, /. Bot. 26: 226 
(1888) nom. illeg. (=Blechnum deflexum Diels). 

Type citation: ‘Dry clayey banks, sides of rivers, country between Turanga and the River Wairoa, E. Coast, 
Dec. 1841.’ 

Type: New Zealand: North Island: clayey banks, country between Poverty Bay and the River Wairoa, Dec 1841, 
Colenso s.n. (holotype: WELT P03238! [in Herb Colenso]; isotype: [New Zealand, Colenso 268 (on same sheet 
as Lomaria deltoides)] K 001092697 n.v). 

=Lomaria paucijuga Colenso, Trans. & Proc. New Zealand Inst. 20: 222 (1888) 

Type citation: ‘Sides of Mount Tongariro, County of East Taupo; 1887: Messrs. Owen & Hill’ 

Type: Tongariro, H. Hill s.n. (holotype: WELT, P03332! ex Herb. Colenso; isotype: K 001092696 n.v). 

Cranfillia feani (E.D.Br.) Parris et de Lange comb. nov. 

Basionym: Blechnum vulcanicum var. feani E.D.Br., Bull. Bernice P. Bishop Mus. 89: 72, fig. 14A a, b (1931) 

Type citation: ‘Marquesas, Hivaoa, Eeani, altitude 700 meters, December, 1921, Brown no. 1086’ 

Type (fide Chambers & Wilson 2019): Marquesas: Hiva Oa, Eeani, 800 m, Dec 1921, P.B.H. & E.D.W. Brown 
1086 (lectotype: BISH 98739 (barcode BISH 1000233) n.v.; probable isolectotypes: Hivaoa, 800 m, Dec 1921, 
P.B.H. & E.D.W. Brown 1086 (BISH 496105-496106, n.v.). 

= Blechnum feani (E.D.Br.) T.C.Chambers, Telopea 22: 50 (2019) 

Cranfillia tovii (E.D.Br.) de Lange et Parris comb, et stat. nov. 

Basionym: Blechnum vulcanicum var. tovii E.D.Br., Bull. Bernice P. Bishop Mus. 89: 72,14B a,b (1931) 

Type citation: ‘Marquesas, Nukuhiva, Tovii, altitude 1000 meters, July [sic], 1921, Brown no. 504 A. Type.’ 

Type (fide Chambers & Wilson 2019): Marquesas, Nuku Hiva, Tovii 1000 m, 15 January 1921, P.B.H. Brown & 
Elizabeth D.W. Brown, 504A (holotype: BISH, barcode BISH 1021170 n.v.) 

= Blechnum tovii (E.D.Br.) T.C.Chambers, Telopea 22: 50 (2019) 
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Cranfillia nukuhivensis (E.D.Br.) de Lange et Parris comb. nov. 

Basionym: Blechnum nukuhivense E.D.Br., Bull Bernice R Bishop Mus. 89: 69, figs 13a-h (1931) 

Type citation: ‘Marquesas, Nuku Hiva, Tovii, 1000 meters, July, 1921 Brown no. 529 A and B’. 

Type {fide Chambers & Wilson 2019): Marquesas: Nuku Hiva: E.D. Brown 529A (lectotype: BISH 496201 n.v.) 

Cranfillia megavulcanica (T.C.Chambers) Parris et de Lange comb. nov. 

Basionym: Blechnum megabulcanicum T.C.Chambers, Telopea 22: 54 (2019) 

Type: SOLOMON ISLANDS: Santa Ysabel: Summit ridge Mt Sasari near Maringe Lagoon 1097 m, 26 Oct 
1963, T.C. Whitmore BSIP 2393 (holotype: K 000754243 n.v.; isotype: L 3516913 n.v.) 

Cranfillia phanerophlebia (Baker ex C.Chr.) de Lange et Parris comb. nov. 

Basionym: Blechnum phanerophlebium Baker ex C.Chr., Bull Misc. Inform. Kew 1939: 28 (1939) 

Type (fide Chambers Sc Wilson 2019): Liji: Viti Levu, sources of the Wai ni malu, 1877-1878, Horne 939 
(holotype: K 000721923 n.v.) 

Cranfillia venosa (Copel.) Parris et de Lange comb. nov. 

Basionym: Blechnum venosum Copel., Occas. Pap. Bernice Pauahi Bishop Mus. 14: 62, pi. 15 (1938) 

Type (fide Chambers 8>c Wilson 2019): TUBUAI (Austral Is.): Rapa: Taratika, east side Mount Perahu, moist 
bank in rainforest, 550 m, St. John, Fosberg & Maireau 15651 (holotype: n.v., specimen matching plate 15 not 
located; isotypes: MICH 1191204 {ex herb. Copeland), GH 00112368 n.v., UC 542551 nv., US 00135472 n.v., K 
000754215 n.v., BISH 496204 n.v., BISH 496205 n.v.) 

Cranfillia humilis T.C.Chambers) de Lange et Parris comb. nov. 

Basionym: Blechnum humile T.C.Chambers, Telopea 22: 56 (2019) 

Type: INDONESIA: Papua Province: between camps 11 and 12, Mt. Carstensz [Puncak Jaya], 28 Jan 1913, C. 
Boden Kloss s.n. (holotype: BM 000801696 photo-seen) 
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Abstract 

The nomenclatural history of the Australian epiphytic orchid Plectorrhiza purpurata (Rupp) M.A.M.Renner 
is reviewed. The first name published for this species, Cleisostoma gemmatum Rupp, is illegitimate, and Rupp 
proposed a replacement name, Cleisostoma purpuratum Rupp shortly thereafter. Though the replacement was 
somewhat obliquely worded, Rupp fulfilled the requirements of the International Code of Nomenclature for 
algae, fungi, and plants, such that Cleisostoma purpuratum was available to serve as the basionym for the name 
generally used for this orchid since 1967, i.e. Schistotylus purpuratus (Rupp) Dockrill. The transfer of this taxon 
to Plectorrhiza under the new name Plectorrhiza gemmata M.A.Clem., D.L.Jones & D.RBanks resulted in the 
publication of a superfluous name, because the earliest legitimate epithet purpurata is available in Plectorrhiza 
and ought to have been adopted. The required new combination is made. 

Introduction 

In December 1937 H.M.R. Rupp published the new species name Cleisostoma gemmatum Rupp on the basis of 
a whole plant from Dorrigo sent to him by Mrs W.J. Harrigan, and flowering racemes sent by Mr G.E. Glissan 
(Rupp 1937). Today these specimens are held in the National Herbarium of New South Wales. Unfortunately, 
Rupp overlooked the name Cleisostoma gemmatum (Lindl.) King & Pantl., which had already been used for 
an Indian species, meaning Rupp’s name for the Australian taxon was an illegitimate later homonym. This 

was brought to Rupp’s attention by Mr C. Schweinfurth of the Harvard University Botanical Museum (Rupp 
1938). In response, Rupp (1938) published a short article wherein he explained the issue: ‘the specific name 
gemmatum was appropriated.... for an Indian Cleisostoma.... I propose to substitute the name purpuratum, in 
allusion to the striking reddish-purple suffusion of the column. Although the name Cleisostoma purpuratum 
did not appear in the article, Rupp’s (1938) intention to publish a replacement name for his illegitimate 
C. gemmatum was clear. His article was entitled 'Cleisostoma gemmatum’, and throughout he discussed only 
that genus. Therefore, Rupp definitely associated the genus name and the replacement specific epithet, and 
so fulfilled the requirements of Article 35.2 of the International Code of Nomenclature for algae, fungi, and 
plants (ICN) (Turland et al. 2018). Rupp did not provide a full and direct reference to the place of publication 
of the replaced synonym but under ICN Art. 41.3 Rupp’s indication was sufficient for valid publication of 
a replacement name before 1 Jan 1953. Cleisostoma purpuratum Rupp was therefore validly published as a 
replacement name for C. gemmatum Rupp. 
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Three years later, in a paper discussing the breaking up of the genus Cleisostoma, Rupp (1941a) presented 
another name, Sarcanthus gemmatus Rupp, with Cleisostoma gemmatum and C. purpuratum both listed in 
synonymy Because Rupp did not use the earliest available legitimate epithet, Sarcanthus gemmatus is both 
illegitimate and nomenclaturally superfluous under ICN Art. 52.1. Rupp should have used Cleisostoma 
purpuratum as the basionym for a new combination in Sarcanthus. This Rupp (1941b) later did by publishing, 
albeit again rather obliquely, Sarcanthus purpuratus (Rupp) Rupp after Miss J. Vickery drew this second error 
to his attention. 

The genus Schistotylus was proposed by Dockrill (1967). The single species Schistotylus purpuratus (Rupp) 
Dockrill was a new combination with the basionym Cleisotoma purpuratum Rupp, and Dockrills name has 
been generally accepted since its publication. 

In an article published in the Australian Orchid Review, Clements et al (2019) summarised previously published 
molecular evidence from work by Hidayat et al. (2012) and Zou et al. (2015) that informed relationships 
among Australasian species of subtribe Aeridinae. Clements et al. (2019) proposed Papillilabium Dockrill 
and Schistotylus Dockrill should be synonymised with Plectorrhiza Dockrill, in line with these published 
studies and the morphological similarities among species of these three genera. For Schistotylus purpuratus 
Clements et al. (2019) proposed a new name, Plectorrhiza gemmata M.A.Clem., D.L.Jones & D.RBanks, with 
Cleisostoma gemmatum Rupp nom. illeg., cited as the‘basionym’. Because Cleisostoma purpuratum had already 
been published as a replacement name for C. gemmatum and was thus available to serve as the basionym 
for any new species-level combination in another genus unless the epithet was preoccupied, it should have 
been adopted. Plectorrhiza gemmata is illegitimate and nomenclaturally superfluous, and a new combination 
in Plectorrhiza based on Cleisostoma purpuratum is made below, in accordance with the ICN, following the 
proposal to synonymise Schistotylus with Plectorrhiza by Clements et al. (2019). 

Taxonomy 

Plectorrhiza purpurata (Rupp) M.A.M.Renner comb. nov. 

Basionym: Cleisostoma purpuratum Rupp, Victorian Naturalist 54:190 (1938) 

=Cleisostoma gemmatum Rupp, Victorian Naturalist 54: 112 (1937), nom. illeg. [non Cleisostoma gemmatum 

(Lindl.) King & Pantl., Annals of the Royal Botanic Garden, Calcutta 8: 234 (1898)] 

=Sarcanthus gemmatus Rupp, Victorian Naturalist 57: 219 (1941), nom. illeg. etsuperfl. 

=Sarcanthus purpuratus (Rupp) Rupp, Victorian Naturalist 58: 41 (1941) 

=Schistotylus purpuratus (Rupp) Dockrill, Australasian Sarcanthinae 30 (1967) 

=Plectorrhiza gemmata M.A.Clem., D.L.Jones & D.RBanks, Australian Orchid Review 84:29 (2019), nom. illeg. 
et superfl. 

Type: New South Wales, Deer Vale road, Dorrigo, Oct. 1937, Mrs W.J. Harrigan (lectotype (designated by Rupp 
1944): ex herb. Rupp 399a, NSW 93475!). 

Notes: Rupp (1937) mentioned that the first material he had seen of the species he named Cleisostoma 
gemmatum was flowering racemes sent to him by a Sydney nurseryman, G.E. Glissan. Glissan then requested 

that a whole plant (presumably from the wild) be sent to Rupp by Mrs W.J. Harrigan. Although Rupp mentions 
the existence of the initial material from Glissan in his discussion, he cited only the Harrigan gathering with 

full collection details immediately after the description. The Harrigan specimen was later cited as the holotype 
by Rupp (1944), but as no gathering was referred to as ‘type’ in the protologue, the name had no holotype when 
published, meaning Rupp effectively designated a lectotype in 1944 (with ‘holotype’ corrected to lectotype 
under Article 9.10). 
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Abstract 

Acacia x mangiiformis Maslin & L.A.J.Thomson, hybrida nova, is described. Its parents are Acacia auriculiformis 
A.Cunn. ex Benth. and A. mangium Willd., two well-known and important plantation species in Asia and 
elsewhere. Acacia x mangiiformis arose naturally in the Western Province of Papua New Guinea and in recent 
decades has become widely cultivated in southeast Asia (Indonesia, Malaysia, Thailand and Vietnam), India, and 
to a lesser extent in China and Taiwan. The tree has often been referred to as ''Acacia hybrid” in forestry literature. 

Acacia x mangiiformis has morphological and other characteristics that are intermediate between its parents. 
Furthermore, it often has a faster growth rate, superior bole form and is more drought-tolerant than its 
parent species. 

The hybrid is used primarily for pulp production but also has uses as solid wood products and fuelwood. 
The wood is similar to that of A. mangium but has a higher density and is more suitable for products where 
strength is important; it is also less susceptible to termite attack than are its parent species. Ten high-performing 
commercial clones of Acacia x mangiiformis have been developed in Vietnam and more are being selected. 

The formal naming of this important hybrid is dedicated to Professor Le Dinh Kha (formerly of Forest Science 
Institute of Vietnam), an outstanding researcher, supervisor, and authority on tree breeding who conducted 

much of the original research and promotion of Acacia x mangiiformis in Vietnam. 

Introduction 

Acacia auriculiformis A.Cunn. ex Benth. and A. mangium Willd. are important species in tropical forestry 
plantation industries, especially in southeast and India. The natural distributions of both species extend from 
northern Australia to nearby areas of Papua New Guinea and eastern Indonesia (Fig. I). A putative hybrid 
between A. auriculiformis and A. mangium was first detected in plantations by Hepburn and Shim in early 
1972, when it was found growing among introduced trees of A. mangium in Sook Telupid, Sabah, Malaysia 
(Tham 1976, FAO 1982). 

© 2019 Royal Botanic Gardens and Domain Trust 
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Fig.l . Natural distribution of Acada auriculiformis,A.x mangiiformis and A. mangium in northern Australia, New Guinea 

and islands of eastern Indonesia. 

In 1986, staff of the Australian Tree Seed Centre, CSIRO, Canberra, collected a putative hybrid between Acacia 
auriculiformis and A. mangium found in natural stands including these two species in the Western Province 
of Papua New Guinea (see Thomson and Cole LXT 662, specimen cited below), where it was scattered and rare. 
In this province, A. auriculiformis occurs close to rivers and drainage lines, whereas A. mangium is found 
in secondary forests throughout the area; the hybrids are also found near drainage lines. Kha (2000, 2001) 
provided a synopsis of the early detection and experimental plantings of the hybrid (derived from individuals 
arising spontaneously in plantations), recording it also from China, Indonesia, Taiwan and Thailand. 

The most extensive work and development of the hybrid was in Vietnam and East Malaysia, two territories 
where it is now extensively cultivated. In Vietnam hybrid trees were originally found occurring spontaneously 
in several provinces (including Ninh Tuan, Binh Duong and Quang Nam, Thomson 1994) where one or other 
or both of the parents grew in planted stands. Subsequently in Vietnam the hybrids were found among seedlings 
derived from the parents that had been raised from A. auriculiformis and A. mangium originating from natural 
populations in Northern Territory and Queensland, Australia (Kha 2000, 2001). These Vietnamese hybrid 
plants displayed a faster growth rate than that of A. mangium (Kha 2001) and seemed more drought-tolerant 
than A. auriculiformis (Thomson 1994) so that such hybrids were selected for plantations. 

Subsequent research demonstrated the intermediate nature of the hybrid plants with respect to adult phyllode 
morphology, seedling ontogeny, and isozymes (Kha 2001 provides an excellent summary and references). 
Conclusive evidence for the status of the putative hybrids between Acacia mangium and A. auriculiformis 
includes reciprocal crosses (Sedgley et al 1992) and molecular studies using single nucleotide polymorphism 
markers (Yuskianti et al 2011) and micro satellite markers (Son et al 2016). 

The most recent estimates put the plantation area of the hybrid A. auriculiformis x A. mangium at 550,000 ha 
in Vietnam (Vietnam’s Ministry of Agriculture and Rural Development unpublished, cited in Son et al 2018), 
with an annual increase in plantation area of c. 30,000-35,000 ha (Kha and Thinh 2017). In Vietnam it is used 
primarily for pulp production but also having secondary uses for solid wood products and as a fuelwood 
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(Griffin et al. 2011). Ten high-performing commercial clones of the hybrid have been selected in Vietnam; 
these vegetatively-propagated clones make up most of the plantations in the country: research to identify and 
increase the number of high-performing clones that can be deployed in the field is in progress (Son et al 2018). 

In Malaysia there has been research on the hybrids, including clonal selection and development of 
micropropagation protocols in Sabah during the 1990s (Galiana et al 2003), wood properties in Sarawak 
(Jusoh et al 2014) and carbon sequestration (Adam and Jusoh 2018). In Indonesia the putative hybrid was 
found to be widespread in A. mangium plantations on Pulau Laut, southern Kalimantan and south Sumatra 
(Thomson 1993, Wong 1993). The F ^ hybrid out-performed the parental species in terms of both growth 
rate and superior bole form. The potential of the hybrid was soon realised and research to assess growth 
characteristics and performance under cultivation in Indonesia and elsewhere ensued. The hybrid is expected 
to become more widely planted in the future due to its better growth and wood properties, and tolerance to 
pests and diseases (by contrast with its parental species) and a breeding program has been planned (Sunarti 
et al 2013). In India the hybrid has been planted on a large scale for production of pulpwood in Karnataka 
(Amanulla et al 2004). 

Ceratocytis spp. (including C. manginecans, Ceratocystidaceae) are major fungal problem ior Acacia plantations, 
especially A. mangium, in humid zones of southeast Asia (Nasution et al 2019). Preliminary screening in 
Vietnam has shown a range of genetic tolerance to this fungus in Acacia auriculiformis and the hybrid, but no 
tolerance in A. mangium (Kien et al 2017). Nambiar et al (2018) raised the prospect of developing disease- 
tolerant Acacia hybrid clones, combining the desired attributes of both species, through advanced generation 
hybrid breeding and/or polyploid breeding. 

Up to now the A. auriculiformis x A. mangium hybrid has usually been referred to, as ''Acacia hybrid” in 
the forestry literature. This is an informal appellation, one that has the potential to cause confusion since 
other interspecific Acacia hybrids are already known. We therefore consider it timely to provide a formal 
name for this economically important hybrid, a name formed in accordance with the International Code 
of Nomenclature (Turland et al 2018), because this provides nomenclatural precision. The name. Acacia x 
mangiiformis which is proposed below, applies to all hybrid combinations involving Acacia auriculiformis and 
A. mangium, irrespective of whether they are or F^ hybrids including back-crosses, or which parent is the 
mother plant (see ICN Article H.4). However, it should be noted that the description of Acacia x mangiiformis 
below is based on specimens of the F^ hybrid plants that we cite. Should these additional hybrids (or individual 
clones of Acacia x mangiiformis) need to be individually recognized, they are best given cultivar names in 
accordance with the International Code of Nomenclature for Cultivated Plants (Brickwell et al 2009). 

Taxonomy 

Acacia x mangiiformis Maslin & L.A.J.Thomson, hybrida nova 

Type: Papua New Guinea, Western Province, 300 m E of Jari River mouth along Mai Kussa River, 08°53’S 
142°03’E, 18 Oct 1988,M.W.McDonaldMM 817 (holotype: PERTH 04189205; isotypes (n.v.):AD, BRJ, CANB, 

DNA, LAE, MEL). 

"Acacia x manauriculiformis” Kha (2001), nom. nud. 

Distinctive features. Penultimate branchlets slender and terete. Phyllodes 120-180 mm long, 22-40 (-50) mm 
wide, length: width = 4.5-7, shallowly falcately recurved or sometimes straight and dimidiate, with numerous 
longitudinal minor veins moderately anastomosing to form very elongated, poorly-defined vein islands; gland 
1-2 mm above pulvinus. Inflorescence spikes creamy white to very pale lemon yellow. Calyx tube hairy. Pods 
regularly once to twice spirally coiled, 6-8 mm wide, oval in section, not undulate. Funicle/aril much folded 
beneath the seed (not encircling it), 30-35 mm long (expanded length). 

Description. Trees to 25 m tall with dbh to c. 80 cm, typically with ± straight, cylindrical bole and fine horizontal 
branching (F^ in plantation), but with spreading form and heavy branching in older, open-grown individuals. 

Branchlets slender, angled at extremities but soon terete, glabrous. Phyllodes narrowly elliptic and shallowly 
falcately recurved, sometimes straight and dimidiate (i.e. lower margin straight and upper margin convex), 
120-180 mm long, 22-40 (-50) mm wide, length: widths 4.5-7, narrowed at base, glabrous; main longitudinal 
veins 3 (or sometimes 4 or 5), running together at phyllode base but remaining separate from lower marginal 
vein; minor longitudinal veins fine and numerous, 3-5 per mm, clearly distant (mostly 0.3-0.5 mm apart), 
with moderately numerous longitudinal anastomoses (vein islands very elongated, irregular and not especially 
well-defined); apex narrowed to an innocuous, blunt, eglandular point; pulvinus 5-8 mm long. Gland situated 
1-2 mm above pulvinus, submerged within the lamina which is slightly swollen about the gland and the 
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phyllode margin often slighfty but discernibly raised at the gland when dry Inflorescences comprising 1 or 2 
shortly pedunculate spikes within axil of phyllodes, prolific and showy; spikes 70-100 mm long, creamy white 
to very pale lemon yellow, the flowers not densely arranged within the spikes; receptacle very sparsely hirtellous 
when in flower, glabrous in pod; peduncles 6-10 mm long, glabrous or with very short, straight, appressed, silvery 
white hairs. Flowers 5 merous, sessile; calyx gamosepalous, c. Vi length of corolla, with short broadly triangular 
lobes, calyx tube white-puberulous; petals c. 2 mm long, joined for c. Vi their length, strongly reflexed following 
anthesis (± appressed to the calyx); stamens indefinite, free. Pods regularly once- or twice-spirally coiled, coils 
mostly 20-25 mm wide, the valves 6-8 mm wide, flat, coriaceous to thickly crustaceous, glabrous and dark brown. 
Seeds longitudinal in pods, oblong to slightly elliptic, 5-5.5 x 3.5 mm, compressed (c. 1.5 mm thick), brown, shiny; 
pleurogram elongated u’-shaped, open at hilar end, 4x2 mm;funicle and aril pale yellow (when dry), much folded 
beneath the seed but not encircling seed, 30-35 mm long (expanded length upon hydration). 

Other specimens examined (paratypes). MALAYSIA. Planted from mother tree from Australia, Malaysia Perak, 
Hilir Perak, Bidor sub-station, PRIM field station, 1 Sep 2004, C.H.Ng FRI 49124 (KEP 75000). SINGAPORE: 

Pulau Ubin, Ali, S.L Koh & L Joseph PU 2014-006 (SING 0226779, SING 0244802).PAPUA NEW GUINEA: 
Wemenever, Western Province, 8°51’S, 141°26’E, 1 Oct 1986,LThomson &E.G.Cole LXT662 (CANB 721789.1). 

Distribution. Occurs naturally in Western Province of Papua New Guinea,see above (Fig. 1). Widely cultivated 
in southeast Asia (Indonesia, Malaysia, Thailand and Vietnam) and India, and to a lesser extent in East Asia 
(China and Taiwan). 

Phenology. In Papua New Guinea the peak flowering of the natural populations occurs from about April to 
June, with mature seeds present from mid to late September to early November. However, in cultivation in 

areas north of the equator, the phenology is different. For example, in Vietnam plants flower from about 
September to January and have mature seeds from about March to June. 

Recognition. Acacia auriculiformis, A. x mangiiformis and A. mangium are members of Acacia sect. Juliflorae 
(Benth.) Maiden & Betche, a group defined by having phyllodes with numerous longitudinal veins and 
flowers in cylindrical spikes. Other distinctive characters shared by these mostly glabrous species include their 
arborescent form, their phyllodes having main veins running together at the base but remaining separate from 

lower marginal nerve, very shortly dissected calyces, strongly curved to coiled pods and brightly coloured 
seed funicle/arils (most commonly bright yellow or orange). In nature Acacia auriculiformis and A. mangium 
co-occur in tropical areas of far northeast Queensland and New Guinea (Fig. 1). 

The distinctive features of the hybrid, when taken in combination, serve to distinguish adult plants from those 
of its parents. Among this suite of characters are some that are shared with one or other of the parents and some 
that are ±intermediate between the parents (see Table 1). Acacia x mangiiformis resembles A. auriculiformis 
in having slender, terete penultimate branchlets (stout and acutely angled in A. mangium), often falcately 
recurved phyllodes (straight in A. mangium) and non-undulate pods (outer edge of pod valve undulate in 
A. mangium); it resembles A. mangium in having a hairy calyx (glabrous in A. auriculiformis) and a funicle/ 
aril that does not encircle the seed (partially or wholly encircling seed in A. auriculiformis). The characters 
where Acacia x mangiiformis is more or less intermediate between its parents include phyllode size and the 
frequency of their anastomosing minor veins, gland distance above the pulvinus, spike colour, pod valve width 
and funicle/aril length. 

For plants in cultivation in Asia (Sabah, Thailand and Vietnam), it has been reported by Rufelds (1988), 
Royampaeng et al. (1998), Sein and Mitlohner (2011) and Kha (2001) that although hybrid plants have some 
unique characters, they also exhibit a range of other characters that are intermediate between the parents, e.g. 
stem and crown form, wood density and seedling leaf and juvenile phyllode development and morphology. 
Often these studies also demonstrated that adult phyllodes of hybrid plants were intermediate between those 
of the parents, but the dimensions recorded varied slightly between the studies (and also varied from those 
recorded here). However, this is not considered significant because there is variation correlated with differing 
environmental conditions under which plants are grown. The phyllodes of hybrid plants are generally wider 
than those of A. auriculiformis, but narrower than those of A. mangium. 

Utilisation. The wood of A. x mangiiformis is similar to that of A. mangium but it has a higher density, is more 
suitable for products where strength is important (Griffin et al. 2011) and is less susceptible to termite attack 
when compared to wood of the parental species (Jusoh et al. 2014). As reported by Sein and Mitlohner (2011) 

the wood is used for construction, boat-building, furniture, cabinet making and veneering. It also makes 
excellent particle board and its pulp is easy to bleach and is excellent for paper-making. Acucfu x mangiiformis 
is also used for firewood, and is occasionally planted for erosion control, as a firebreak or for ornament; its 
phyllodes can also be used as forage for cattle. 
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Character Acacia auriculiformis Acacia x mangiiformis Acacia mangium 

Penultimate branchlets Slender & terete Slender & terete Stout and acutely angled 

Phyllode curvature Shallowly to obviously falcately 

recurved, occasionally straight 

& dimidiate 

Shallowly falcately recurved, 

sometimes straight & dimidiate 

Straight, often dimidiate 

Phyllode dimensions 

length (120-) 140-220 mm 120-180 mm (130-) 150-240 (-270) mm 

width (10-) 15-30 (-40) mm 20-40 (-50) mm (30-) 40-75 mm 

l:w (4-) 6-10 (-13) 4.5-7 3-4 (-5) 

Phyllode minor veni 

anastomoses 

Normally relatively few & 

not forming vein-islands; 

rarely moderately numerous, 

Storming poorly-defined, 

elongated vein-islands 

Moderately numerous, forming 

very elongated, poorly-defined 

vein- islands 

Numerous, forming distinct 
reticulum with elongated vein- 

islands 

Gland distance above pulvinus^ 0-1 mm above pulvinus^ 1-2 mm (1-) 2-3 (-4) mm 

Spike colour Light golden to golden Creamy white to very pale 

lemon yellow 

White to off-white 

Calyx tube indumentum Glabrous Hairy Hairy 

Pods curvature Strongly curved to once, twice 

or more spirally coiled, often 
irregularly so 

Regularly once to twice spirally 

coiled 

Strongly curved to IV2 (-2) 

coiled, often irregularly so 

Pod valve undulation Not undulate Not undulate Outer edge moderately to 

strongly undulate 

Pod valve width (3-) 4-5 6-8 10-22 mm 

Pod t.s. shape^ Terete Oval Flat 

Funicle/aril Vi-Va, or wholly encircling 

seed in a single or double fold; 

25-55 mm (expanded length). 

Not encircling seed (but much- 

folded beneath them); 30-35 

mm long (expanded length) 

Not encircling seed (but much 

folded beneath them and 

sometimes extending to V2 way 

down one side of seed); 12-18 
(-25) mm long (expanded 

length). 

Table. Morphological characters of mature plants that distinguish Acac/a x mangiiformis from its parents, A. auriculiformis 

and A. mangium. Data derived from range of herb. PERTH specimens of Acacia auriculiformis and A. mangium, and the 

specimens of A. x mangiiformis cited above (unless otherwise stated). 

Notes: ^Gland reported as absent in the hybrid (Acacia x mangiiformis) by Kha (2001: 38), however, this would be very 

atypical for the species. Data from Kha (2001) 

Etymology. The species epithet combines elements of the parent species names. 

Dedication. We take great pleasure in dedicating this new hybrid to Professor Le Dinh Kha. Professor Kha is 
former Director of the Research Centre for Forest Tree Improvement (now Institute of Forest Tree Improvement 
and Biotechnology, Institute of Forest Tree Improvement and Biotechnology, Hanoi, Vietnam), an outstanding 
researcher, supervisor, and authority on tree breeding. Professor Kha established one of the premier research 

centres under the Forest Science Institute of Vietnam and conducted research on selection and promotion of 
the species including the 2001 publication on “Studies on the use of natural hybrids between Acacia mangium 
and Acacia auriculiformis in Vietnam”. 
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Abstract 

A new epiphyllic species of Cololejeunea has been found in New Zealand lowland forests, currently known 
from only two localities, one each in the North and South Islands. It has been found on the leaves of four tree 
species, the fronds of two fern species, and on one liverwort growing in mixed epiphyllous communities with 
other liverworts and epiphyllous lichens. Cololejeunea velutina Glenny & M.A.M.Renner is distinctive in its 
combination of patent, elliptical leaves, high leaf papillae, the presence of a filiform stylus up to eight elongated 
cells long at the base of every lobule, and lobules with two teeth, the first of which is moniliform comprising 
two or three cells. In the field the species has a characteristic velvety appearance, by which it can readily be 
distinguished from other epiphyllous Cololejeunea in New Zealand. 

Introduction 

The genus Cololejeunea (Spruce) Steph. was proposed for a morphologically distinctive group of leafy liverworts, 
readily circumscribed by the incubous leaf insertion, the conduplicately bilobed leaves whose lobule insertion 
is constricted, the absence of underleaves, and the pendulous segmentation sequence, which results in a rhizoid 
bundle being produced in association with every lateral leaf. Cololejeunea has a cosmopolitan distribution, but 

the highest species diversity is encountered in the wet tropics. 

Despite its morphological distinctness, which may in part be due to neoteny, Cololejeunea is rendered 
paraphyletic by Chondriolejeunea (Benedix) G.Kis & Poes which nests within it in phylogenies inferred from 
molecular sequence data (Yu et al. 2013). Molecular evidence also suggests that the subgenera of Cololejeunea 
circumscribed by morphological data are polyphyletic, and not representative of natural historical units 
(Yu et al. 2013). 

Cololejeunea is the largest genus in the Lejeuneaceae (He et al. 2012; Zhu et al. 2018). More than 400 species 
are currently accepted in Cololejeunea worldwide (Soderstrom et al. 2016), with most species occurring in 
the wet tropics. The flora of New Zealand contains 11 species, which is relatively depauperate in comparison 
to Australia (39), Fiji (44), and Papua New Guinea (63), but consistent with the lower diversity of tropical 
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lineages in southern temperate regions observed across the Lejeuneaceae (Poes 2012, 2015, 2016; Poes and 
Piippo 2011). 

Despite having relatively low species diversity, the Lejeuneaceae flora of New Zealand is distinctive, comprising 
a suite of southern temperate species that maybe New Zealand endemics; for example, species of Nephelojeunea 
Grolle and Lejeunea Lib. (Glenny 1996; Renner 2010; Renner et al 2010). 

Here we report the discovery of another morphologically distinct species that may also be a member of this 
southern temperate floristic group, a Cololejeunea found in lowland forests of both North and South Islands 
of New Zealand. Cololejeunea velutina Glenny &: M.A.M.Renner has leaves without vitta, a long stylus of 
5-8 uniseriate cells, and the dorsal surface of the main leaf lobe has a single papilla over each cell. 

Other Australasian species that have leaf cell papillae and an absence of a vitta are Cololejeunea mamillata 
(Angstr.) E.A.Hodgs. and C. tenella Benedix of Australia (Poes 2016), and C. hodgsoniae (Herzog) E.A.Hodgs. 
of New Zealand (Hodgson 1967). Our plant does not match these Australasian species (Thiers 1988; Poes 
2015; Glenny 1996). None of these three species has a stylus. 

Cololejeunea velutina also has similarities to four northern temperate, and two tropical Cololejeunea 
species which have a single papilla over each cell on the dorsal leaf surface and a filiform stylus. These are 
C. nantashanensis J.D.Yang & S.H.Lin of Taiwan, C. biddlecomiae (Austin) A.Evans and C. ornata A.Evans 
of North America, and C. calcarea (Libert) Schiffn. (Yang & Lin 2014). Cololejeunea ornata and C. calcarea 
are species of limestone rock and have an acute to acuminate leaf lobe apex (Schuster 1980; Smith 1990). 
Cololejeunea nantashansis, C. biddlecomiae and C. ornata have a stylus that can be 2-3 cells wide, usually 
at the stylus base, but sometimes midway along the stylus, while C. calcarea has a stylus that is uniseriate as 
in C. velutina. There are also two tropical species that have similarities to C. velutina: C. filidens Benedix of 
Malesia (Tixier, 1985) and C. renneri Poes of Eiji (Poes 2015). They share with C. velutina a papillate dorsal 
lobe surface and presence of a filiform stylus. Both species can be distinguished from C. velutina by their 
uniseriate, usually sharp, second lobule tooth, in contrast to the rounded to obtuse second lobule tooth of 
C. velutina. The stylus of C. velutina is 4-8 cells long while in C. filidens it is 3 cells long (Tixier, 1985) and it 
is 2-4 cells long in C. renneri (Poes 2015). While C. filidens is said to be epiphyllic (Tixier, 1985), the type of 
C. renneri was collected from a dead fallen branch. 

Taxonomy 

Cololejeunea velutina Glenny & M.A.M.Renner sp. nov. 

Type: New Zealand, North Island, Volcanic Plateau province, Pureora Forest, Rimu Track, 175.716993°E 
38.565888°S, NZTM 1836720E, 5727895N, 460 m, Dacrydium cupressinum / Beilschmiedia tawa / Coprosma 
tenuifolia + Dicksonia fibrosa / Leptopteris hymenophylloides forest in floor of river valley, on leaves of 
Beilschmiedia tawa, with Cololejeunea pulchella, D. Glenny 14268 & M.A.M. Renner, 12 November 2018 
(holotype: CHR 639909, isotypes: AK 372934, F, NSW). 

Diagnosis: Similar in size and appearance to Cololejeunea filidens Benedix and C. renneri Poes with a uniseriate 
stylus and a dorsal leaf surface with a papilla over each cell formed by a thickening of the outer cell wall. It 
differs from those two species in having a rounded to obtuse, rather than sharp, second lobule tooth and a 
stylus 4-8 cells long rather than 3 cells long as in C. filidens and 2-4 cells long as in C. renneri. 

Etymology: The species epithet means velvety, in reference to the appearance of the plant in its fresh state, 
particularly when compared to Cololejeunea pulchella, a co-occurring species that is of similar size but very glossy. 

Plants epiphyllic on leaf and fern frond surfaces, forming patches 9-17 mm diameter, closely attached, 
yellow-green and velvety in appearance when fresh, drying to yellow-brown. Shoots 0.95-1.0 mm wide. 

Branching exclusively lateral-intercalary, thecal or athecal, vegetative branches issuing at 90 ° to stem. Stem 
60-50 pm diameter, 5 or 6 rows of cortical cells and 1 medulla cell row, cortical and medulla cells similar, 
4 pm thick for both internal and outer walls. Rhizoids in clusters originating from a small area of the stem 
at the leaf base (Fig. 2), usually in clusters of 8 in 2 rows of 4. Leaves oblique to stem c. 45 degrees, imbricate 
and overlapping by the width of the lobule, dorsal stem completely covered by leaves; main lobe of leaf 
elliptical to slightly ovate, 520-580 pm long x 260-340 pm wide, apex rounded, margins entire except for 
projecting papillae. Cells of leaf lobe quadrate, 27-34 x 20-28 pm, trigones small and concave- to convex¬ 
sided, walls even in thickness but intermediate wall thickenings, sometimes weakly present, vitta absent but 
near-leaf-base cells as long as 28 pm; a single papilla present on the dorsal cell surface of all lobe cells except 
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the basal-most row, 4-8 \im high and 6-7 gm diameter, formed by a thickening of the cell wall, ventral 
cell surface plane. Oil-bodies (4)5-6(8) per cell, elliptical, 5.5-10.5 x 3.7-4.0 pm, moderately botryoidal, 
colourless. Lobule approximately 14 the area of the lobe, elliptical, 220-260 pm long excluding the tooth, 
150-160 pm wide, free margins positively curved but visible, keel positively curved at the base, the basiscopic 
leaf margin straight from about mid-keel to the curve of the main lobe apex, lobule inner and outer surfaces 
not papillose, keel papillae 4 pm high; first lobule-tooth straight, 34-60 pm long, of 2-3 uniseriate cells, or 
3 cells long and 2 cells wide at the base, the terminal cell 17-23 pm long and not elongated, the basal tooth 
attached to 2-4 cells of the lobule; hyaline papilla entally placed at the proximal base of the 1st lobule tooth, 
c. 10 pm high and 2 pm diameter; 2nd lobule tooth indistinct, separated from the 1st lobule tooth by 1-3 
cells. Cells of the lobule similar in size to the main lobe cells, trigones medium-sized and convex, sometimes 
adjacent trigones partly fused, sometimes with a single intermediate wall thickening. Stylus of 4-8 uniseriate 
cells, 133-138 pm long, 14-25 pm wide, straight, submoniliform, attached 1 cell ventrally from the lobule 
keel base. Gemma initials sometimes present on ventral surface, unicellular, circular, 16-28 pm diameter, 
3- 19 per leaf, mature gemmae not seen. 

Autoicous. Male branches 350 pm long, 1008 pm wide, on a short branch lacking normal leaves, or a long 
branch with normal leaves, or terminal on leading shoots, bearing up to 5 subisolobous bracts, the largest 
370 pm X 180 pm, with a lobule of normal size, but main lobe reduced to only slightly larger than the lobule, 
the dorsal side of the bract papillose, the ventral side not papillose. Antheridia 40-70 pm diameter. Gynoecia 
on branches with normal leaves, a lateral-intercalary subfloral innovation continuing the branch beyond the 

gynoecium. Leaves below the gynoecium progressively modified into bracts. Final gynoecial bract below the 
perianth without a stylus, 500 pm long, 330 pm wide, unequally 2-lobed, the lobes loosely folded, the larger 
lobe with the free part 200-250 pm long, 180-240 pm wide, apex rounded, cells as for main leaf lobe or with 
intermediate wall thickenings, cells on both surfaces papillose, papillae up to 10 pm high; the smaller lobe with 
the free part 100-120 pm long, 145-160 pm wide, the apex untoothed but with a slime papilla at the summit, 
cells as for lobule, not papillose. Perianths obovoid, 530 pm long, 270 pm wide, unstalked, not flattened, 
4- keeled: 2 larger lateral keels extending most of the length of the perianth, and 2 less pronounced ventral keels 
also extending most of the length of the perianth, the dorsal surface with a slight keel near the apex, rostrum 
not seen; cells of perianth surface more or less isodiameteric, 13-18 pm diameter, papillae present on all outer 
cell walls, c. 6 pm high. Sporophyte not seen. Figs 1-4. 

Distribution and ecology: Cololejeunea velutina is known from two localities in New Zealand: Pureora in 
the central North Island, and in the South Island at Pelorus Bridge Scenic Reserve, Marlborough Sounds. It 
was found on leaves of Beilschmiedia tawa, Knightia excelsa, Coprosma grandifolia, Pseudopanax crassifolius, 
on fronds of Blechnum colensoi and Leptopteris hymenophylloides, and on Plagiochila trispicata Colenso. At 
Pelorus Scenic Reserve it was found in two types of forest: tall podocarp forest of Dacrycarpus dacrydioides and 
Prumnopitys spicata with a high Beilschmiedia tawa understorey, and in Nothofagus fusca forest with young 
tawa plants forming a low understorey. 

Similar species: Cololejeunea velutina is most similar to the New Zealand endemic species C. falcidentata 
R.M.Schust. in size, in having a papilla on each dorsal leaf cell surface as well as on the lobule keel, but not on 
the outer lobule surface, in lacking a vitta in the main leaf lobe, in having the lobule less than 14 of the main lobe 
area, in having a first lobule tooth of 2-3 cells and a small 2nd lobule tooth, and in having circular gemmae. 
Cololejeunea velutina differs from C. falcidentata in being epiphyllic {C. falcidentata has been found on bark of 
Podocarpus totara and Leptospermum scoparium), in having a long stylus (stylus absent from C. falcidentata), 
in having the first lobule tooth straight (falcate in C. falcidentata), and in having trigones and sometimes 
intermediate wall thickenings (neither present in C. falcidentata). 

Cololejeunea velutina also has some similarities to the Australian species C. mamillata (Angstr.) E.A.Hodgs. in 
being epiphyllic, in having papillae on the outer main leaf lobe surface but not the lobule surface, in lacking a 
vitta in the main leaf lobe, in having the lobule about 14 of the main lobe area, and in being autoicous. It differs 
in being larger, in having gemmae (absent from C. mamillata), in having a stylus (absent from C. mamillata), 
in having a larger first lobule tooth, and in having a rounded leaf apex (acute in C. mamillata). 
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Fig. 1. Cololejeunea velutina. A: shoot sector in ventral view showing styli towards shoot apex, and gynoecia on short 

lateral branches; B: three lobule apices showing moniliform first lobule teeth and triangular second lobule teeth; C: whole 

lobule with basal stylus; D: stem transverse section showing single cortical cell row and transformation of two ventral 

cortical cell rows into rhizoids; E: section of male shoot showing terminal and lateral androecia; F: cells of leaf margin 

showing mamillae; G: cells of leaf margin showing variation in marginal shape; H: medial leaf-lobe cells; I: oil-bodies from 

medial leaf-lobe; J: cladogram showing position of gynoecia and androecia; K: gynoecial bracts in situ; L: gynoecial bracts 

separated; M: shoot section showing thecal and athecal branching. All from Glenny 14268 & Renner (AK). 
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Fig. 2. Cololejeunea velutina. SEM photograph showing dorsal view of a single branch. 

Characters distinguishing C. velutina from similar New Zealand species (those with papillate leaf lobes but no 
vitta) are summarised in Table 1. 

Table 1. Similarities and differences between three New Zealand species, Cololejeunea mamillata, C. falcidentata, and 
C velutina. Data on C mamillata from Thiers (1988) and on C falcidentata from Schuster (1968) and CHR 606746. 

C mamillata C. falcidentata C. velutina 

Sexuality autoicous autoicous autoicous 

Leaf length (gm) 150-300 300-370 520-580 

Main lobe apex acute rounded rounded 

Gemmae absent present present 

Stylus absent absent present, 5-8 cells long 

1st lobule tooth 1-2-celled 2-celled 2-4-celled 

Lobule keel tuberculate in the distal half tuberculate for the full length tuberculate for the full length 

Substrate epiphyllous epiphytic on bark epiphyllous 

Conservation status: Cololejeunea velutina is currently known from two localities, one in the central North 
Island, the other in the north of the South Island. At both sites C. velutina grew within forest: podocarp- 
broadleaf forest at Pureora and Pelorus Bridge, and southern beech forest at Pelorus Bridge. A qualitative 
assessment of habitats at both sites suggests the species is likely to be more widespread beyond these two 
localities, and should be searched for throughout New Zealand. Until such search effort better resolves where 
the species does and does not occur, the status Data Deficient under the Threatened Species Classification 
of Townsend et al. (2008) is appropriate. At Pureora C. velutina occurred at relatively low abundance in 
epiphyllous communities on several vascular plant species, but was detectable in both riparian and alluvial 
terrace forest communities. If C. velutina is confined to lowland forest with a tall podocarp component, it may 
be threatened as this habitat is very reduced in extent. 
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Fig. 3. Cololejeunea velutina. SEM photograph showing ventral view of apical part of a branch. The cuticle of the host leaf 

is attached to the rhizoids. A stylus with four elongated uniseriate cells is at image centre. 

Other specimens examined: New Zealand, North Island, Volcanic Plateau province, Pureora Forest, Rimu Track, 
175.716993°E 38.565888°S (NZTM 1836720E 5727895N),460 m,Dacrydium cupressinum/Beilschmiedia tawa 
/ Coprosma tenuifolia + Dicksonia fibrosa / Leptopteris hymenophylloides forest in floor of river valley, on fronds 
of Leptopteris hymenophylloides, D. Glenny 14267 & M.A.M. Renner, 12 November 2018 (CHR 639908); Loc cit., 
on leaves of Knightia excelsa. D. Glenny 14269 & M.A.M. Renner, 12 November 2018 (CHR 639910); Loc cit, on 
fronds of Blechnum colensoi, D. Glenny 14270 & M.A.M. Renner, 12 November 2018 (CHR 639911); Loc cit, on 
leaves of Coprosma grandifolia, D. Glenny 14271 & M.A.M. Renner, 12 November 2018 (CHR 639912); Loc cit, 
on leaves of Pseudopanax crassifolius, D. Glenny 14272 & M.A.M. Renner, 12 November 2018 (CHR 639913); 
New Zealand, South Island, Sounds-Nelson province, Pelorus Scenic Reserve, 173.569608°E 41.302952°S 
(NZTM 1647685E 5427455N), 40 m, Dacrycarpus dacrydoides and Prumnopitys spicata / Beilschmiedia tawa / 
Cyathea dealbata + Dicksonia squarrosa forest, on fronds of Leptopteris hymenophylloides, D. Glenny 14395a, 
27 Dec 2018 (CHR 639915); Pelorus Scenic Reserve, 173.567717°E 41.305304°S (NZTM 1647525E 5427195N), 
40 m, Nothofagus fusca forest, on leaves of Beilschmiedia tawa at 3 m above ground level near waterfall, with 
Cololejeunea pulchella, D. Glenny 14396, 27 Dec 2018 (CHR 639914); Pelorus Scenic Reserve, track between 
north end of highway bridge and suspension bridge over the Rai River, lowland mixed podocarp-beech 
forest with tawa and tree fern understorey, less than 100 ft, A.J.Fife 5760,1 Oct 1983, (CHR 104332 pro parte, 
epiphyllic on Plagiochila trispicata). 
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Fig. 4. Holotype of Cololejeunea velutina, on the upper surface of a leaf of Beilschmiedia tawa. Cololejeunea pulchella is 

growing on the same leaf to the left of the image. An epiphyllic lichen, Strigula smaragdula Fr.:Fr., is on the leaf margin at 

top right. The alga Phycopeltis novae-zelandiae R.H.Thompson & Wujek is also present on the leaf surface. 

Fig. 5. Cololejeunea velutina growing on the upper leaf surface and leaf margin of Pseudopanax crassifolius at the type 

locality (from Glenny 14272 & Renner). The plant is 12 mm diameter. 
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Discussion 

The type of Cololejeunea velutina was gathered from Beilschmiedia tawa leaves from several saplings at about 
1-3 m above ground level, and all plants on tawa leaves are regarded as a single gathering. Plants were also 
collected at the type locality as epiphylls on other hosts: Leptopteris hymenophylloides, Blechnum colensoU 
Knightia excelsa, Coprosma grandifolia, and Pseudopanax crassifolius. Collections from these other hosts are 
regarded as separate gatherings. All known specimens were growing on leaves or fern fronds, suggesting 
the species is an obligate epiphyll. It was not found on the bark of branches or on tree trunks at Pureora. 
None of the plants found had mature perianths, though older and partly eroded perianths were present on 
larger patches. Plants found on Leptopteris hymenophylloides and Blechnum colensoi fronds and on leaves of 
Plagiochila trispicata have not been found with perianths, and it appears that the best hosts are leaves of trees 
and shrubs in the low understorey. Fern fronds may not live long enough for the Cololejeunea to complete its 
life cycle on them. 

The type locality was within c. 50 m of a river about 15 m wide, while at Pelorus Bridge Scenic Reserve the plants 
found on leaves of Beilschmiedia tawa were a few metres from a waterfall. It appears a very constantly humid 
atmosphere is required by Cololejeunea velutina. Cololejeunea pulchella is invariably present on the host leaves or 
fronds and is much more abundant than C. velutina. A search of herbarium specimens at CHR of C. pulchella to 
find more specimens of C. velutina was unsuccessful, and it appears that C. velutina may be uncommon. 

There are few obligate epiphyllic liverworts in New Zealand, and most belong to the genus Cololejeunea. Six 
of the 11 species currently known in New Zealand (Gibb et al. 2017) are exclusively or nearly exclusively 
epiphyllic: C. pulchella (hosts Beilschmiedia tawa, Hedycarya arhorea, Pseudowintera colorata, Ascarina 
lucida, Podocarpus totara, Hymenophyllum villosum or H. sanguinolentum), C. laevigata (Steph.) R.M.Schust. 
(hosts Hymenophyllum demissum, Trichomanes reniforme, Blechnum novae-zelandiae and Pseudowintera 
colorata), C.floccosa (Lehm. & Lindenb.) Schiffn. (host Beilschmiedia taraire), C. appressa (A.Evans) Benedix 
(host Beilschmeidia taraire), C. hodgsoniae (on leaves of several Plagiochila species, Radula demissa, and 
R. marginata), and C. cucullifolia (Herzog) E.A.Hodgs. (host Laurelia novae-zelandiae). Cololejeunea velutina 
joins this list of obligate epiphylls, and is known from hosts Beilschmiedia tawa, Coprosma grandifolia, Knightia 
excelsa, Pseudopanax crassifolius, Blechnum colensoi and Leptopteris hymenophylloides. 

Two other two genera that have obligate epiphylls are the New Zealand endemic and monospecific 
Echinolejeuneapapillata (Mitt.) Hamlin (hosts Trichomanes reniforme, T. elongatum, Notogrammitis billardierei, 
Hymenophyllum demissum, Blechnum colensoi, B. discolor, and Polystichum vestitum) and the non-endemic 
Leptolejeunea elliptica (Lehm. & Lindenb.) Schiffn (host mainly the leaves of Freycinetia baueri, but also 
Leptopteris hymenophylloides and Ripogonum scandens). In addition, there are two endemic obligate epiphyllic 
liverwort species on the leaves of the moss Dendroligotrichum dendroides: Kymatolejeunea bartlettii Grolle and 
Nephelolejeunea papillosa Glenny (Glenny 1996), which are highly adapted to their unusual, large-dendroid 
moss host and have not been found on other hosts. 

The elevational range of these obligate epiphylls is (in order of mean elevation from lowest to highest): 

Leptolejeunea elliptica 50-60 m (mean 55 m), Cololejeunea appressa 80 m, C. hodgsoniae 20-330 m (mean 
230 m), C. pulchella 5-460 m (mean 197 m), C. velutina 40-460 m (mean 250 m), Echinolejeunea papillata 

100-390 m (mean 260 m), C. laevigata 50-890 m (mean 350 m), C. cucullifolia 80-915 m (mean 460 m), 
Kymatolejeunea bartlettii620-1190 m (mean920 m),andNephelolejeuneapapillosa490-1300 m (mean976 m). 

In addition, in New Zealand there are 13 facultatively epiphyllic liverwort species, which occur on twigs, 
branches, and tree trunks but complete their life cycle as epiphylls: Austrolejeunea olgae (R.M.Schust.) 
R.M.Schust., Cololejeunea ellipsoidea R.M.Schust., C. grossepapillosa (Horik.) N.Kitag., Colura saccophylla 
E.A.Hodgs. & Herzog, Drepanolejeunea ternatensis (Gottsche) Steph., Frullania aterrima (Hook.f. & Taylor) 
Hook.f. & Taylor, F. pycnantha (Hook.f. & Taylor) Taylor, F. rostrata (Hook.f. & Taylor) Hook.f. & Taylor (von 

Konrat and Braggins 1999), Lejeunea colensoana (Steph.) M.A.M.Renner, L. epiphylla Colenso, L. helmsiana 
Steph., L. primordialis Gottsche, Lindenb. & Nees, L. tumida Mitt., Microlejeunea latitans (Hook.f. & Taylor) 
Heinrichs, Schaf.-Verw, Poes & S.S.Dong, Radula demissa M.A.M.Renner, and Siphonolejunea nudipes 
(Hook.f. & Taylor) Herzog. Von Konrat and Braggins (1999) note that the leaves of Beilschmiedia tawa, 
Podocarpus laetus (as P. hallii), Pseudowintera colorata, and the cladodes of Phyllocladus trichomanoides are 
hosts of epiphyllic Frullania species. 

There are also liverworts that can occasionally be found as epiphylls and many of these may not complete 
their life cycle on their leafy host: Cheilolejeunea campbelliensis (Steph.) R.M.Schust., Chiloscyphus muricatus 
(Lehm.) J.J.Engel & R.M.Schust., Erw/Zun/n chevalieri (R.M.Schust.) R.M.Schust., E deplanata (Mitt.), F.fugax 
(Hook. f. & Taylor) Gottsche, Lindenb. & Nees, E hodgsoniae von Konrat, Braggins, Hentschel & Heinrichs, 
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R nicholsonii E.A.Hodgs., F. patula Mitt., F. ptychantha Mont., F. pycnantha (Hook.f. & Taylor) Gottsche, 
Lindenb. & Nees, F. scandens Mont, (von Konrat and Braggins 1999), Lepidolaena palpebrifolia (Hook.) 
Trevis., Lepidozia digitata Herzog, Metzgeria furcata (L.) Cor da, Austrolejeunea hispida R.M.Scliust.,P5doc/fldfl 
clandestina Mitt., Radula ratkowskiana K.Yamada, R. strangulata Hook.f. & Taylor, R. tasmanica Steph., and 
Telaranea granulata J.J.Engel &: G.L.Merr. 

Eor comparison New Zealand has about 76 lichen epiphylls (Malcolm and Malcolm 2016). Most of these are 
obligate epiphylls of tree leaves or fern fronds. New Zealand appears to have no obligate epiphyllic mosses, 
but a number of mosses commonly grow on tree leaves and fern fronds in cool, humid forest sites, but they 
probably rarely complete their life cycle there. 

Key to papillose Cololejeunea species of New Zealand 

(modified from Renner and Poes 2011) 

1 a Leaves with vitta.2 

lb Leaves without vitta.3 

2a Eirst lobule tooth of two or three cells, strongly falcate, apex often extending backwards 
beyond the basiscopic lobe margin, second lobule tooth indistinct.Cololejeunea floccosa 

2b Eirst lobule unicellular or of two cells, straight, second lobule tooth distinct, the two teeth 
forming an obvious notch within which the lobule papilla is situated.Cololejeunea appressa 

3a Eiliform stylus produced at the junction of each lobule and the stem, (3)4-5(8) cells long; 
the stylus may dislocate as shoots mature, but they are reliably present near the apex of 
every shoot at the base of every lobule.Cololejeunea velutina 

3b Stylus absent.4 

4a Vegetative branching athecal. Leaves subisolobous, lobules four-fifths the size of the lobe, 
first lobule tooth two-celled, lobule papilla attached to lobule margin between first and second teeth. 
Gemmae copious, 16-celled.Cololejeunea grossepapillosa 

4b Vegetative branching thecal. Leaves anisolobous, lobules half or less the size of the lobe, 
first lobule tooth unicellular or of two cells, lobule papilla attached inner surface of lobule 
behind first tooth. Gemmae present or absent.5 

5a Lobule without prominent lobule teeth, first lobule tooth obscure, lobule margins serrate 
due to papillose marginal cells, lobule papillose over entire surface, including keel and 
surface of carinal region.Cololejeunea hodgsoniae 

5b Lobule with first lobule tooth prominent, two-celled, lobule margins entire, 
lobule papillose on keel only.6 

6a Eirst lobule tooth usually falcate.Cololejeunea falcidentata 

6b Eirst lobule tooth straight Cololejeunea mamillata 
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Abstract 

The genus Symphysodontella (Bryophyta: Pterobryaceae) is reported as new to the Australian flora, based on a 
collection of Symphysodontella splendens from northern Queensland. This species was previously known from 
Indonesia, Malaysia, Papua New Guinea and Vietnam. The presence of gemmae is reported for the first time 
in Symphysodontella. 

Key words 
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Introduction 

Symphysodontella was erected by Fleischer (1908) to accommodate three species previously placed in Neckera, 
Pilotrichum, Pterobryum or Symphysodon by various authors. Further species were added to the genus by 
Fleischer (1923), Brotherus (1909a, 1909b, 1913) and Dixon (1934, 1935, 1937), Bartram (1936, 1957) and 
Tixier (1970), all from mainland Asia or the south-east Asian archipelago, bringing the total number of species 
to sixteen. 

The genus was subsequently revised by Magill (1980), who recognised only nine species: S. attenuatula 
M.Fleisch., S. convoluta (Dozy & Molk.) M.Fleisch., S. cylindracea (Mont.) M.Fleisch., S. involuta (Thwait. &: 
Mitt.) M.Fleisch., S. obtusa Tixier, S. parvifolia Bartr., S. siamensis Dixon, S. subulata Broth, and S. tortifolia 
Dixon. Touw and Magill (1992) later synonymised S. obtusa under S. splendens (Reinw. & Hornsch.) Touw Sc 
Magill, and Manju and Rajesh (2012) added S. madhusoodananii Manju Sc K.P.Rajesh from India. 

Among bryophytes collected in 2000 at Wrights Creek, in Crater Lakes National Park on the Atherton Tableland 
in northern Queensland, was an unusual lithophytic moss that we could not identify to genus using the moss 
key for Australia (Buck and Vitt 2006). Its dendroid, complanate and pinnate morphology, together with the 
absence of a costa and large patches of coloured and porose alar cells, suggested Pterobryaceae, but not any 
genus we knew. Subsequent investigations pointed to Symphysodontella M.Fleisch. (see Material and Methods 
for details), a view supported by Bob Magill {pers. comm, to A. Cairns, 1 Sept 2017). 

© 2019 Royal Botanic Gardens and Domain Trust 
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Because only a few sterile stems were collected, we revisited Wrights Creek in October 2018 to try to collect 
further material. Unfortunately the area where the original collection was made had been severely scoured 
by strong water flows, and none was found. The rock habitat is unusual in Symphysodontella, although not 
unknown — most collections are from tree trunks (Magill 1980) — so the species might still be present at the 
site as an epiphyte. 

Material and Methods 

In June 2000 the authors, with Bruce Fuhrer, collected bryophytes on the Atherton Tablelands, Queensland. 
At Wrights Creek, near Lake Eacham in Crater Lakes National Park, we collected a few fronds of a moss that 
we thought was merely a flattened form of Hypnodendron vitiense Mitt., growing on rock close to water level. 
When we reviewed the specimen recently we realised that it was not a Hypnodendron because the costa is 
absent or short and double. However, it did not match any genera known from Australia. 

Following a literature search, and after consulting Dr Robert Magill (Missouri Botanical Garden), we 

subsequently identified it as a species of Symphysodontella, based on the following features: 1) plants dioicous 
(only females seen); 2) complanate, dendroid fronds arising from a creeping primary stem; 3) stipe present, 
with minute scale-like leaves; 4) branching mostly 2-3-pinnate; 5) leaves dimorphic (stem leaves different in 
size from branch leaves), concave, oblong-lanceolate, apex acute; 6) costa short and double or absent; 7) alar 
cells coloured, weakly porose. 

Based on the treatment by Magill (1980) we think the Australian material is best assigned to Symphysodontella 
splendens, a species otherwise known from Indonesia (Java, Sumatra, Kalimantan), Malaysia (Sarawak) and 
Vietnam. The following description is based on our Australian material so that comparisons may be made 
with plants from other localities. The symbol !d indicates that a high-resolution digital image has been seen. 

Taxonomic Treatment 

Symphysodontella splendens (Reinw. & Hornsch.) Touw & Magill, Journal of the Hattori Botanical Laboratory 
71:350 (1992) 

Basionym: Neckera splendens Reinw. & Hornsch., Nova acta physico-medica Academiae Caesareae Leopoldino- 
Carolinae Naturae Curiosum 14(2): 714 (1829) 

Type citation: ‘Hah. in lava insula. 

Type: Indonesia, Java, Reinwardt s.n. (BM 987207!d) 

Plants yellow-green, somewhat glossy, consisting of complanate, dendroid fronds arising at ± regular intervals 
from a thin, creeping primary stem with scale-like leaves; secondary stems upright, complanate, reddish 
brown, to about 20 mm long, each consisting of a stipe and a leafy frond. Stipe 3-4.5 mm long, with sheathing 

scale-like leaves, 0.8-0.9 x 0.4-0.47 mm. Frond 9-13 mm long, ± triangular, (l-)2-3-pinnate, longest branches 
7.5 mm long, becoming gradually smaller towards the frond apex. Stem leaves oblong to oblong-lanceolate 
or elliptical, 1.59-1.78 x 0.58-0.73 mm, moderately concave, apex acute, base weakly rounded, margins 
plane, weakly serrulate above, costa weak, short and double or absent, upper laminal cells linear, sinuous, 
50-60(-72) X 3.0-4.5 pm, thin-walled, sparsely porose; alar cells roundly rectangular, somewhat thick-walled, 
porose, yellowish brown to orange. Branch leaves lanceolate to elliptical, 1.00-1.30 x 0.29-0.42 mm, weakly 
concave, apex acute, base weakly rounded, margins plane, weakly serrulate to entire, costa short and double 
or absent; upper laminal cells linear, slightly sinuous, 50-71 x 4-6 pm in mid-leaf, distinctly shorter in the 
apex, thin-walled, sparsely porose; alar cells rounded, quadrate to rectangular, thick-walled, weakly porose, 
yellowish brown to orange. Gemmae occasional, in dense dark clusters in axils of stem and branch leaves, 
greenish brown, multi-cellular, ± elongate-elliptical. Perichaetia on frond axis and branches (only immature 
perichaetia seen). Perigonia not seen. Sporophytes not seen. Fig. 1. 

Habitat: On rock next to permanent stream in upland tropical rainforest. 

Distribution and ecology: Indonesia (Flores, Java, Kalimantan, Seram, Sumatra), Malaysia (Sarawak), Papua 
New Guinea, Vietnam, Australia (Queensland Wet Tropics). In Australia S. splendens was collected as a 
lithophyte on rock next to a permanent stream in upland tropical rainforest. 

Australian specimen seen: Queensland, Crater Lakes National Park, Wrights Creek, on rock next to water, 
777 m, 10 Jun 2000, D.A. Meagher 1291 (BRIAQ1000874). 



Symphysodontella (Bryophyta: Pterobryaceae) new to the Australian flora Telopea 22: 179-183, 2019 181 

Fig. 1. Symphysodontella splendens: a) whole frond, b) cluster of gemmae (arrowed), c) stem leaf, d) branch leaf, e) gemma, 

f) apex of branch leaf, g) mid-lamina of branch leaf, h) base of branch leaf Scale bars; a = 5 mm; b-d = 1 mm; e-h 100 

pm. All from Meagher 1291 (BRI). 
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Recognition: The following differentiation is based on Magill (1980), which included Symphysodontella 
obtusa Tixier, now treated as a synonym of S. splendens (Touw 1992). Symphysodontella splendens differs from 
S. attenuatula M.Fleisch., S. convoluta (Dozy & Molk.) M.Fleisch. and S. involuta (Thwaites & Mitt.) in having 
the costa almost always short and double (usually single to mid-leaf or above in those species). Symphysodontella 
splendens differs from S. siamensis Dixon and S. cylindracea (Mont.) M.Fleisch. in the small size of the fronds 
(30-60 mm long in those species), and from S. tortifolia Dixon, S. subulata Broth, and S. parvifolia Bartram in 
having the leaf apex acute to acuminate rather than acuminate to subulate. Symphysodontella madhusoodananii 
Manju & K.P.Rajesh has drooping secondary stems, the branches are often flagellate, the leaves are long- 
acuminate and plicate, and the laminal cells are strongly porose (Manju and Rajesh 2012). 

Symphysodon species are slightly more robust and much more regularly dendroid, and the leaf margins are 
serrate rather than serrulate (Bob Magill, in litt. 9 September 2017). Symphysodontella species often resemble 

Trachyloma species, particularly because of the flattened fronds and dimorphic leaves (stem leaves larger 
than branch leaves), but in Symphysodontella the alar cells are strongly differentiated and usually coloured, 
some species have a distinct costa reaching beyond midleaf, and some are much smaller than any Trachyloma 
species. Furthermore, plants of Trachyloma species almost always have dark brown to black gemmae at the 
apices of at least some branches. 

Revised couplets for key to Australian Mosses 

To accommodate Symphysodontella in the current key to Australian mosses (Buck and Vitt 2006), we suggest 
the following amendment: 

93 Leaves auriculate; capsule immersed (92).Calyptothecium 

93: Leaves not auriculate.94A 

94A Alar cells not differentiated.Trachyloma 

94A: Alar cells differentiated.94B 

94B Alar cells irregular shaped, forming distinct dark rounded patches.Camptochaete 

94B: Alar cells rounded, rectangular to quadrate, orange-brown, extending across 
the leaf base.Symphysodontella 
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Abstract 

The Malesian species Hymenophyllum reinwardtii is reported as a new record for Australia. This distinctive 
filmy fern can be recognized by the undulate and dentate lamina margins, the undulate and dentate rachis 
wing, and the circular indusial flaps whose margins are usually irregularly and sparsely denticulate or rarely 
entire. The species was collected in the vicinity of the summit of Mt Finnigan in June 2017, and is currently 
known in Australia by this one gathering. 

Introduction 

Hymenophyllaceae is an early diverging lineage of leptosporangiate ferns (Rothfels et al 2015) including some 
435 extant species (PPG 1,2016) characterized by their thin (usually one-cell thick) lamina, pubescent rhizome 
and marginal indusiate sori (Ebihara et al. 2007). Hymenophyllum Sm. comprises one of two main clades 
within the family, circumscribed by its long-creeping rhizomes with pale hairs and valvate indusia surrounding 
a usually non-protruding receptacle (Ebihara et al. 2006,2007; Herrera et al. 2017). Nineteen species occur in 
Australia, of which eight species and one variety are endemic (Bostock and Spokes 1998); the highest regional 
diversity occurs in the wet tropics of north-east Queensland. 

The north-east Queensland tropical flora has two major contributing biogeographical components: species 
with origins in Sahul - the Australian plate that has rafted northward following separation from what is now 
Antarctica; and species with origins in Sunda - the Southeast Asian plate (Hall 2002; Crayn et al. 2105; Yap 
et al. 2018). Dispersal of lineages from Sunda to Australia began before the Quaternary (Crayn et al. 2015), 
and is ongoing (Yap et al. 2018). 

During an expedition led by the Australian Rhododendron Society in conjunction with Australian Tropical 

Herbarium to source Rhododendron L. for ex situ conservation, a distinctive Hymenophyllum was observed 
growing mixed with H. javanicum A.Spreng. on a large decaying log on the forest floor close to the summit 

© 2019 Royal Botanic Gardens and Domain Trust 
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of Mt Finnigan (Fig. 1). The nearly glabrous rhizomes, pinnate fronds, and glabrous stipes put the plant in 
Hymenophyllum subg. Globosa (Prantl) Ebihara & K.Iwats. (Ebihara et al. 2006), and corresponded with 
H. reinwardtii Bosch among species of this subgenus listed by Ebihara et al. (2010). This identification was 
confirmed against herbarium material and images of type specimens, making this the first record of the 
Malesian Hymenophyllum reinwardtii for Australia. 

Fig. 1. Hymenophyllum reinwardtii in situ on Mt Finnegan. 
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Taxonomic treatment 

Hymenophyllum reinwardtii Bosch, Plantae Junghuhnianae 1: 567 (1853) 

=Mecodium reinwardtii (Bosch) Copel., Philipp. Journal of Science 67: 20 (1938) 

Type citation: ‘Hab. in silvis elatioribus m. Tidoro, Reinw.’ 

Type specimen: Moluccas, Maluku, Tidore, montes Tidore sylvae elatiores, Aug 1821, C.G.C. Reinwardt 1689 
(L 0544684!) 

=Hymenophyllum dichotomum Blume, Enum. PL Javae 222 (1828) non Cav. (1802),fide Ebihara et al (2010) 

Description (based on Australian material): Rhizome slender, glabrous, long-creeping with widely spaced 

fronds. Eronds bright mid-green, 4.2-8.5 cm long and 2.1-3.4 cm wide, stipe 1.2-2.6 cm long, winged to base; 
wing undulate and toothed, undulations pronounced, extending all the way across the wing; margins reflexed, 
teeth broadly triangular, occasionally obscured due to reorientation by undulations. Lamina outline triangular, 
deeply 3-pinnatifid, glabrous; lamina margins crisped throughout and dentate with broad triangular teeth; 
rachis 0.3-0.5 mm diameter, dark brown, armed on dorsal and ventral surfaces with paraphyllia comprising 
small narrow-triangular to linear projections of dark-brown or green cells, more abundant on ventral surface, 
rachis winged, wing of main rachis crisped and dentate; ultimate segments 2-5 mm long and 0.8-1.4 mm 
wide, apex truncate or emarginate. Sori produced in upper half of frond, singly or in adjacent pairs, borne at 
the apices of lateral ultimate segments, involucre rotund, bilabiate, divided almost to the base, 1.2-1.5 mm long 
by 1.5-1.7 mm wide, wider than segments, margins sparsely and shallowly toothed, middle of indusium flap 
heavily inflated, bearing scattered papillae at base, receptacle included (Figs 2,3). 

Recognition: Hymenophyllum reinwardtii is a distinctive filmy fern that can be recognized by its undulate and 
dentate lamina margins, the undulate and dentate rachis wing, and the circular indusial flaps whose margins 
are weakly toothed or entire. No other Australian species shares this combination of characters. In the key to 
species presented in the Flora of Australia (Bostock and Spokes 1998), Hymenophyllum reinwardtii will fail to 
progress, because at couplet 6 the frond margin is coarsely dentate, which leads to a group of four dissimilar 
species with finely toothed lamina margins, among which it keys to H. gracilescens Domin. We propose a 
modified key to species that accommodates H reinwardtii below. 

Distribution and ecology: Widespread through Malesia from at least the Philippines to Papua New Guinea. 
Most specimens have been collected in montane rainforest. In Australia, Hymenophyllum reinwardtii is known 
only from the vicinity of the Mt Finnigan summit, where it grew on a large decorticated decaying log on the 
forest floor in the head of bouldery gully, mixed with Hymenophyllum javanicum. The two Hymenophyllum 
species formed a discontinuous tall turf on the top and sides of the log mixed with Thuidium Schimp. and 
Trichocolea Dumort. (Fig. 1). 

Notes: Morphological diversity exhibited by the suite of specimens examined (cited below) suggests that 
Hymenophyllum reinwardtii is evidently a complex comprising a range of forms, some of which exhibit 
altitudinal separation. Until such time as detailed study of patterns of variation is completed, we accept a broad 
circumscription for this species and attribute Australian material to it in that sense. 

Conservation Status: In Australia, Hymenophyllum reinwardtii qualifies as data deficient. Despite the fact 
that the species is distinctive, observational data to date are too limited to make positive assertions about 
distribution and range in Australia, to which an informed assessment of rarity and threat is necessarily linked. 

Specimens examined: Australia: Queensland: Cook, Cedar Bay National Park, Mt Finnigan, forested 
gully west and immediately below summit. 15°49'8"S 145°17'5"E, 1084 m, 8 June 2017, M.A.M. Renner 
8201, S. Worboys, A. Rouse, H. Hancock, T Houghton. & L Roberts (BRI, CNS, NSW). Papua New Guinea: 

Goodenough Bay, 1908, Rev. C. King (NSW); Western Highlands District, near Tomba village, south slope of 
Mt Hagen Range, 2600 m, 26 Aug 1956, R.D. Hoogland 6065 & R. Pullen (NSW); Western Highlands, Laiagam 
subdistrict, near Kepilam village, Lagaip valley, 1 Aug 1960, R.D. Hoogland 7273 & R. Schodde (NSW); Jimi/ 
Wahgi Divide, c. 8 km NE of Kerowagi, Bismarck Range, 2100 m, 9 Aug 1981, J.R. Croft 1367 & J.I. Marsh 
(NSW); Northern slopes of Mount Piora, 3300 m, 30 Aug 1975, J.R. Croft 90 (NSW); 8 km WNW of Taron, 
southern New Ireland, 1100 m, 10 Oct 1975, J.R. Croft 228 (NSW); Ridge E of Seitin River, 9 km WNW of 
Taron, southern New Ireland, 1600 m, 17 October 1975, J.R. Croft 261 (NSW); Eastern Highlands, Chimbu 
Divide, Goroka subdistrict, ridge above Daulo, 2500 m, 22 Nov 1954, A.C. Floyd 6366 & H.S. McKee (NSW). 
Federated States of Micronesia: Mt Niinioanii, Ponape, 620-700 m. 8 August 1940, T. Hosokawa 9525 
(NSW). Philippines: Province of Benguet, Luzon, Mt Pulog, Jan 1909, H.M. Curran, M.L. Merritt, T.C. 
Zschokke (NSW). 
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Fig. 2. Hymenophyllum reinwardtii A; habit; B; frond detail, adaxial surface; C; indusium; D; rachis detail, adaxial surface; 

E; rachis detail, abaxial surface; F; sporangia. Scale bar; a; 1.5 cm; b: 0.33 cm; c; 0.25 cm; d, e; 0.4 cm; f; 0.06 cm. All from 

Australian material (NSW 998108), illustration by Catherine Wardrop. 
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Fig. 3. Hymenophyllum reinwardtii A: Upper half of frond; B: lower half of frond with rhizome; C: detail of indusia and 

upper frond; D; sterile pinnae. All from Australian material (NSW 998108). 

Revised key to Australian Hymenophyllum 

Based on Bostock and Spokes (1998) and Andrews (1990). 

1. Involucre with distinct cupular or obconical base, bilabiate in upper portion.2 

1. Involucre bilabiate to middle or below, lacking a distinct tubular (cupular or obconical) base.6 
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2. Frond margin entire.H. baileyanum 

2. Frond margin toothed.3 

3. Margin of involucral valve entire or at most slightly erose.4 

3. Margin of involucral valve toothed.5 

4. Sori as long as broad, slightly immersed at base; fronds more than 8 cm long.H. bivalve 

4. Sori twice as long as broad, immersed for half their length; fronds less than 
6 cm long.H. subdimidiatum 

5. Fronds pinnatifid-pinnate; segments plane; involucral surfaces smooth.H. lobbii 

5. Fronds pinnate-bipinnate; segments crisped; involucral surfaces with 
prominent lamellae.H. kerianum 

6. Frond simple or 1-3 forked, entire, margins thickened and black.H. marginatum 

6. Frond pinnate, entire or toothed, without thickened and black-pigmented margin.7 

7. Frond margins plane. Stipe winged or not.8 

7. Frond margins undulate, usually entire but may be coarsely toothed. Stipe conspicuously 
winged at least in upper half.17 

8. Frond margins toothed.9 

8. Frond margins entire.12 

9. Sori terminal on the ultimate segments of the lamina.10 

9. Sori borne on short, specialized, lateral branches of the primary pinnae, usually confined to the 
acroscopic side.11 

10. Ultimate segments usually 1.3-2 mm wide, sori few, usually 1 or 2 per frond.H. pumilum 

10. Ultimate segments mostly less than 0.6 mm wide, sori numerous, 2-8 per primary pinna 
at least in upper half of frond.H. gracilescens 

11. Pinnae branched only on acroscopic side, margin of involucral valves entire.H. peltatum 

11. Pinnae branched on both sides; margin of involucral valves at least 
erose-denticulate.H. cupressiforme. 

12. Lamina 1 -pinnatifid, rarely 2-pinnate-pinnatifid.13 

12. Lamina 2-pinnate-pinnatifid or more dissected.14 

13. Fronds typically shorter than 30 mm, pinnae closely spaced.H. whitei 

13. Fronds typically longer than 30 mm, pinnae widely spaced.H. rarum 

14. Basal pinnae flabellate, indusia triangular-ovate, not exceeding the subtending lamina width, 
distributed throughout the frond, stipe sometimes conspicuously hairy.H. flabellatum 

14. Basal pinnae pinnate, indusia circular to ovate or obovate in outline, wider than subtending 
lamina or not.5 

15. Indusia ovate to obovate, wider than subtending lamina, concentrated at the frond apex.H. walleri 

15. Indusia rhomboid to elliptic, equal in width to subtending lamina, distributed through upper 
half of frond.16 

16. Involucre immersed, as wide as the subtending sterile lamina and without constriction at 
junction between involucre and sterile lamina.H. polyanthon 

16. Involucre free, constricted at junction with sterile lamina.H. australe 

17. Wing of stipe and rachis slightly undulate, lamina margin not undulate.H. australe 

17. Wing of stipe and rachis conspicuously undulate, lamina margin also undulate at least 
at the base of primary pinnae.18 

18. Involucre ovate to oblong in outline.19 

18. Involucre circular in outline.20 
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19. Margins of segments entire.H. javanicum 

19. Margins of segments obscurely toothed, particularly near apex.H. samoense 

20. Lamina margin with coarse triangular teeth.H. reinwardtii 

20. Lamina margin entire.H. eboracense 
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Abstract 

Diplycosia jiewhoei Mustaqim and Vaccinium paludicolum van hirsutulum Mustaqim are described as newtaxa. 
Diplycosia retusa has been rediscovered after a lapse of 116 years and is here illustrated with photographs, and 
the first description of the fruits of this species is presented. 

Keywords: Diplycosia, Ericaceae, new species, taxonomy, Vaccinium, Wallacea 

Abstrak (Bahasa Indonesia) 

Diplycosia jiewhoei Mustaqim and Vaccinium paludicolum van hirsutulum Mustaqim dipertelakan sebagai 
takson-takson baru. Diplycosia retusa telah ditemukan kembali setelah jeda 116 tahun dan foto beserta 
pertelaan pertama lengkap dengan buah untuk jenis ini disajikan. 

Kata kunci: Diplycosia, Ericaceae, jenis baru, taksonomi, Vaccmfnm, Wallacea 

Introduction 

Ericaceae is among the larger families of woody plants consisting of 124 genera and about 4250 species that 
are widely distributed in the world. It is also the largest plant family in the order Ericales (Christenhusz and 
Byng 2016). At least 758 species from this family have been recorded from Malesian region (Sleumer 1964, 

1967). The literature suggests that most of them are endemic, either to Malesia, a single island or even a single 
mountain (Sleumer 1967; Argent 2014,2015; Conlon 2015). 

Sulawesi is the largest island in Wallacea and is home for many endemic species of Ericaceae and, for the 
family, is the third richest flora after Borneo and New Guinea (Argent 2015; Sleumer 1967). Eight species from 
this family have been described from the island in the last ten years (Argent 2009, 2014; Argent and Widjaja 
2015; Argent and Mambrasar 2019). In this paper a new species and a new variety are added to the Ericaceae 

© 2019 Royal Botanic Gardens and Domain Trust 
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based on materials collected from a recent visit to the central part of the island. Diplycosia retusa Sleumer, 
which was formerly known only from the type collection, has also been rediscovered. 

A New Species of Diplycosia 

Unlike Rhododendron, Diplycosia, which consists of about 120 species and almost confined to the Malesian 
region (Argent 2014, Sleumer 1967), is a poorly known genus of Ericaceae (Conlon 2015). This is because 
many of the plants are epiphytic in habit and small, especially the flowers, which allows the plants to be easily 
overlooked (Argent and Widjaja 2015). Therefore, it is not surprising that some new species from various 
regions in Malesia have been described recently such as D. rigidifolia (Fritsch and Bush 2016), D. platyphylla 
(Fritsch and Amoroso 2016), D. kalimantanensis (Wilkie and Argent 2016), D. kitangladensis (Fritsch and 
Amoroso 2017) and D. benitotanii (Argent 2018). 

After the publication of the monographic work by Sleumer (1967) where he recognized 17 species, the 
taxonomy of Diplycosia in Sulawesi was updated by Argent (2014), where he described some new species and 
made some taxonomic assessments on previously known taxa. In that account. Argent also stated that even 
with the new species added, further exploration is highly likely to yield further new species and a year later, 
another species named D. mekonggaensis was added to the Sulawesi flora (Argent and Widjaja 2015). With 
a new species described in this paper, the number of Diplycosia species recorded in Sulawesi is now 23, the 
second richest island after Borneo. 

Diplycosia jiewhoei Mustaqim, sp. nov. 

Diagnosis: Similar to Diplycosia elliptica Ridl. (northern Sumatra, Peninsular Malaya and Borneo) but differing 
in having leaves with a protruding apical gland (vs minute), longer pedicels (c. 4 mm vs l(-2) mm long), an 

urceolate-subglobose corolla (vs short-cylindric or subcampanulate), oblong anthers (vs sagittate) and shorter 
tubules (0.3 mm vs 1 mm long). 

Type: INDONESIA: Central Sulawesi: Poso Regency: Tentena-Bada road divide, 1 Aug 2018, WH Ardi 258 
(holotype: BO!; isotypes: CEBI, SING!). 

Etymology: Named after Tan Jiew Hoe, the Singaporean philantropist and plant enthusiast who supports 
many botanical explorations including the one on which this species was collected. 

Epiphytic, subclambering shrub, c. 40 cm tall. Twigs red-brown at first, turning greyish brown, finally greyish 

and somewhat blackish, slender, angular, covered by appressed bristles and lax patent puberulous hairs. 
Perulae stipule-like, subulate, persistent at least at the current year of twigs, finally deciduous. Petiole 1.75-2 
X c. 0.75 mm, grooved above, inserted on a slightly developed cushion, laxly clad with appressed bristles. Leaf 
lamina green above, pale whitish beneath, sub-densely arranged, leathery, elliptic, less frequently subovate, 
12.5-25 X 6.25-18.75 mm, base obtuse or rounded, apex acute or shortly acuminate, apiculate, terminal gland 
protruding from the apex, margin crenulate throughout, setose, the bristles partially persistent, mid-vein 
narrowly impressed above, rather raised beneath especially in the lower half, lateral veins 1 from near the base 
of the lamina, slightly impressed above which is more conspicuous in the living plant, obscure beneath; upper 
surface laxly clad with sub-patent to patent bristles, glabrescent or sometimes with a few bristles remaining and 
long persistent; lower surface laxly clad with appressed bristles, mixed with punctate glands, finally punctate or 
with a few bristles persisting. Inflorescence axillary from leafy or sometimes defoliate branches, a 1-4-flowered 
fascicle, but only with 1 or 2 flowers open at any one time. Pedicels green, c. 4 mm at anthesis, laxly covered 
with muriculate and few minute glandular hairs; bracteoles green, broadly ovate, c. 0.5 mm long, obtuse, 
dorsally glabrous except at the apex of the dorsal keel where there are a few hairs, margin shortly glandular 
muriculate and or ciliate apex, these hair types sometimes mixed. Flowers 5-merous. Calyx creamy white and 
reddish except at the lobes, campanulate, totally c. 4.5 mm long, dorsally muriculate; lobes 1.75 mm long, 
acute, margin with glandular hairs, hairs mostly club-shaped, except at the apex. Corolla pure white, urceolate- 
subglobose, narrowed at the base, c. 1 mm long by c. 6.25 mm wide, glabrous; lobes c. 1.5 mm long, strongly 
reflexed, glabrous. Stamens 10, filaments c. 3.75 mm long, linear, slightly tapered to apex, glabrous, slightly 
curved; anthers oblong, c. 1.3 mm long, echinulate, tubules short, c. 0.3 mm long, broad. Ovary subdepressed 
globose, glabrous. Style simple, cylindrical, c. 3 mm long, glabrous, slightly enlarged at the middle of the lower 
half. Fruit (early stage with accrescent calyx) light yellowish green, pyriform. Figs 1,2. 

Distribution: Sulawesi. Known from three collections from the type locality (Fig. 3). 

Habitat and ecology: Growing in the upper montane forest ecosystem, with a granitic substrate, epiphytic on 
tree with litter accumulations, 1700 m. 
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Fig. 1. Diplycosia jiewhoei: A. habit. B. twig. C. close up of leaves. D. inflorescence. E-F. Flower. Scale; A-B = 5 mm; 

C = 0.5 mm; D-F = 2 mm. All from Ardi 258. Photos; Wisnu H. Ardi. 
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Fig. 2. Diplycosia jiewhoei. A. Leafy twig. B. Close up of young twig. C. Flower from defoliate stem. D. Stamen. E. Lateral 

view of basal part of the filament. F. Calyx, discs, ovary and style. The arrow show calyx lobes pulled out by hand. Scale; 

A = 5 mm, B = 0.5 mm, C = 2 mm, D-E = 0.5 mm, E = 1 mm. All from Ardi 258. Drawing; Wendy A. Mustaqim. 
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Fig. 3. Distribution of Diplycosia jiewhoei and Vacdnium paludicoloum var. hirsutulum, as well as the new location of 

Diplycosia retusa (see text for details). 

Flowering and fruiting: Flowering material has been collected in August; fruiting unknown. 

Conservation status: Vulnerable (VU D2). This species is only known from its type locality and only a few 
plants have been collected though time in the field was limited. However, it should be noted that there is a 
potential threat for this species associated with the the presence and maintenance of the provincial road from 
Tentena to Bada Valley. Following lUCN (2012) and lUCN Standards and Petitions Subcommitte (2017), 
this species can be regarded as Vulnerable since it is known from a restricted geographic range that could be 
considered as a single location and there is a potential threat of a nearby road and any associated works. 

Additional specimens examined: INDONESIA: Central Sulawesi: Poso Regency: Tentena-Bada road divide, 
1 Aug 2018, WHArdi 256 (BO!); ibid. WHArdi 259 (BOl). 

Revised keys to species 

Couplet 69 from the Flora Malesiana (Sleumer 1967) is modified to accommodate the new species: 

69. Leaves ovate to subrotundate, all slightly though distinctly cordate at the base.D. crenulata 

69. Leaves ovate to elliptic, broadly cuneate to rounded (rarely in part also subcordate) at the base.69’ 

69’. Pedicels 1 (-2) mm long; corolla short-cylindric or subcampanulate; anther sagittate, tubule 
1 mm long.D. elliptica 

69’. Pedicels 4 mm long; corolla urceolate-subglobose; anther oblong, tubule 
0.3 mm long.D. jiewhoei 

Couplets 14 and 15 from the key to Diplycosia of Sulawesi (Argent 2014) are modified to accommodate the 
new species. 

14a. Pedicels mostly < 2(-4) mm long; axillary bud scales as long as the petiole 
(unknown in D. jiewhoei).15 

14b. Pedicels > 6 mm long; without conspicuous axillary bud scales which if present are much 
shorter than the petiole.16 

15a. Bracteoles and calyx lobes with a few long bristles.D. sagittanthera 

15b. Bracteoles and calyx lobes without any long bristles with an exception of few hairs in the 
apex of bracteoles in of D. jiewhoei. 15’ 
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15’a. Corolla 2.5 mm long; pedicels 1 mm long; tubules ca. Vi as long as the anthers.D. supyanii 

15’b. Corolla 7 mm long; pedicels 4 mm long; tubules ca. M as long as the anthers.D.jiewhoei 

In the key to Diplycosia of Sulawesi (Argent 2014) couplet 27 is modified to include D. mekonggaensis from 
Argent &Widjaja (2015). 

27a. Leaves sub-circular to broadly elliptic.IT 

27b. Leaves ovate to elliptic.28 

27’a. Calyx covered with dense bristles.D. mekonggaensis 

27’b. Calyx glabrous.D. undata 

The rediscovery of Diplycosia retusa 

Diplycosia retusa Sleumer, Bot. Jahrb. 71:156 (1940). 

Type: INDONESIA: Central Sulawesi (^Celebes): Topapu Mountains (120°15’E 2°0’S), 1300-1700 m, 17 Sep 
1902, Sarasin 2097 (holotype: Bf; isotype: L, fragm.). 

Shrub, terrestrial or apparently also epiphytic, stem clambering, up to c. 2 m long. Twigs slender, glabrous. 
Petiole 4-5.5 mm long. Leaf lamina green, pale whitish beneath, sparsely arranged, thinly leathery, obovate, 
10-40 X 5.5-20 mm, base tapering, apex rounded or nearly so, terminal gland thick and prominent, margin 
entire or with some minute glandular crenations on the somewhat cartilaginous margin, glabrous, mid-vein 
slightly impressed above, somewhat raised beneath, lateral veins 1-2 from near or slightly above the base of the 
lamina, indistinct to slightly impressed above, obscure beneath;glabrous. Inflorescence a 1-2-flowered fascicle 
from the axil of leaves. Pedicels 15 mm long, very slender, glabrous; bracteoles ovate, 1 mm long, glabrous; 
fruiting pedicels 11.5-13.5 mm long. Flowers 5-merous. Calyx white, totally c. 2.5 mm long, 5-lobed to near 
the base, lobes triangulate, acute, margin glandular ciliate. Corolla white with lobes tinged with pink, elongate- 
campanulate, c. 10 mm long, glabrous, lobes 3 mm long. Stamens c. 4 mm long; filaments linear, undulate, 
2 mm long, glabrous, anthers 1.5 mm long, tubules 1 mm long. Ovary glabrous. Style 5 mm long, glabrous. 
Fruit blackish blue at maturity, bell-shaped, c. 8.25 mm across including the accrescent calyx, true fruit sub¬ 
depressed globose, 4 mm diam., calyx segments when immature appressed to the capsule, later free from it. 
Fig. 4. 

Distribution: Endemic to Central Sulawesi. 

Habitat and ecology: Terrestrial in upper montane vegetation on quartzite soil, 1300 to 1700 m. 

Flowering and Fruiting: Flowering material collected in August and September; fruiting in August. 

Conservation Status: Data Deficient (DD). More data is needed to assess the conservation status of this 
species. 

Notes: Diplycosia retusa was known only from the type collection from Topapu Mountains, Sulawesi Tengah, 
Indonesia (Sleumer 1957,1967; Argent 2014) collected by Sarasin in 1902 (Welzen 2017). Recently a specimen 
was collected in Bada Valley, Central Sulawesi. It is located approximately 30 km east of the locality where 
the holotype was collected. The species was found in the upper montane ecosystem at an elevation of about 
1700 m on a peaty quartzite substrate. 

Based on the latest revision (Argent 2014), this species may be recognized by its glabrous twigs, short petiole 
(4-5 mm long, now up to 5.5 mm long), largest leaves c. 40 mm long, 1-flowered inflorescence, corolla white 
c. 10 mm long, the pedicels glabrous and longer than 10 mm. It differs from the similar Diplycosia gracilipes 
J.J.Sm. by the glabrous stems and leaves (Argent 2014) and its white corolla (vs red). 

Some morphological differences have been found between the original and description from our recent collection. 
Our plant is a terrestrial shrub while the original description indicated it was epiphytic. Leaves on the recently 
collected material are smaller when compared to the description available in Sleumer (1967) and Argent (2014). 
The previous records of the leaf size was 30-40 x 15-20 mm, but our specimen is only 10-27 x 5.5-13.5 mm. We 
also recorded for the first time that there can be 1 or 2 flowers per axils, and that the colour of the living corolla 
is white with lobes tinged with pink. The calyx lobes in the mature fruits diverge from the capsule which appears 
to be a unique feature among Diplycosia species. This record supports the need for the documentation of the fruit 
characters to test their value in classification of Diplycosia as suggested by Argent (2014). 



New Diplycosia and Vacdnium from Sulawesi Telopea 22: 193 -204, 2019 199 

Additional specimens examined: Indonesia: Sulawesi: Central Sulawesi: Poso Regency, Tentena-Bada road 
divide, 1 Aug 2018, Ardi 261 (BO!); ibid,Ardi 272 (BOl). 

Fig. 4. Diplycosia retusa. A. Habit. B. Flower. C. Fruit, lateral view. D. Fruit seen from above. Scale; A = 5 cm; B = 5 mm; 

C-D = 5 mm. All from Ardi 272. Photos; Wisnu H. Ardi. 
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A New Variety of Vaccinium paludicolum 

The latest comprehensive account for Sulawesi’s Vaccinium was published as part of Flora Malesiana monograph 
by Sleumer (1967) in which he reported 15 species and one variety. After Sleumer’s work, no new taxa of this 
genus has been added from the island and only a study from Kartonagoro (2014) list species of this genus in 
his publication of the Ericaceae of Latimodjong. Many species of the genus Vaccinium in Sulawesi are narrow 
endemics (Sleumer 1967; Kartonagoro 2014). 

Vaccinium paludicolum Sleumer Blumea 11: 53 (1961). 

Type: INDONESIA: Sulawesi: Central Eastern part, subdiv. Kolonedale, between saddle and E slope of the 
Tomongkobae group, Eyma 3957 (holotype: L; isotype: A, BO, K [K000780726]!-image seen). 

Terrestrial shrub, subscandent, stem up to 0.5 m long (not recorded in veLr.paludicolum). Twigs slender, terete, 
densely and sub- to patently hirsutulous, bristles persistent. Petiole thickish, c. 1-1.5 mm long, hirsutulous. 
Leaves densely arranged, lamina ovate, 0.6-1.5 x 0.35-0.8 cm, coriaceous, apex shortly attenuate,subacuminate, 
or acute, tip blunt, rounded at the base, basal marginal glands distinct, distant from the petiole; midrib slightly 
impressed above, flat or slightly raised above, very obtusely and minutely raised beneath, secondary nerves 
and veins slightly inconspicuous or faintly distinct above; upper surface glabrous to hirsutulous on the midrib, 
lower surfaces glabrous or hirsutulous, blackish punctulate beneath. Inflorescence several racemes, borne 
from the upper axils, 3-10-flowered, flowers secund; rachis rather stoutish, densely yellowish hirsutulous, 
0.2-3 cm long. Pedicels 3-4 mm long, yellowish hirsutulous; bract foliaceous, much smaller than the normal 
leaves, caducous or in part subpersistent after anthesis. Flowers 5-merous. Calyx light green, tube campanulate, 
1.25-1.5 X 2 mm, limb spreading or reflexed, 5-lobed, lobes deltoid, 0.5-1 mm long, apical gland absent; 
sparsely to very sparsely clad with whitish straight hairs. Corolla deep red, tubular, subampullaceous-cylindric, 
7-8 X 2-2.5 mm when dry, rather abruptly attenuate in the upper third, glabrous or provided with some 
hirsutulous hairs outside, sparsely hairy inside, lobes suberect or ± reflexed, c. 0.5 mm long. Stamens 10, 
filaments alternately long and short, 2.7-5 mm and 2-4 mm long, respectively; anther-cells subquadrate, 
ecalcarate, c. 1-1.2 mm long including the tubule, the latter very short, transversely cut apically, the pore large. 

Disk glabrous. Ovary inferior. Style cylindrical, slender, 7-7.5 mm long, glabrous or provide with some hairs 
at the base. Fruit unknown. 

Notes: Vaccinium paludicolium was described by Sleumer (1961). This species is to date known from three 
collections from the central part of the island. Based on Sleumer (1967), this species can be seperated from 
other Vaccinium species by the foliaceous bracts persisting at anthesis, entire or nearly so leaf margin, glabrous 
leaves, the absence of gland at calyx lobes and callose thickening at its apex, the tubule that is shorter than 
the anther-cells, the absence of dorsal spur in the anthers, tubule ended in one broad tooth, leaves up to 
1.2 X 0.8 cm, pedicelled flowers, and ampullaceous corolla which is 7 mm or longer. 

Our recently collected specimen does not key out to but closely matched the description of K paludicolum in 
Sleumer (1967). It differs by the presence of the hairs on the abaxial surfaces of the leaves, the outer side of the 
corolla and basal part of the style. We believe the specimen is K paludicolum but represents an undescribed 
variety which is described below. 

Key to the varieties of Vaccinium paludicolium 

la. Abaxial surface of leaves glabrous; corolla glabrous; style glabrous.V. paludicolum var. paludicolum 

lb. Abaxial surface of leaves hirsutulous; corolla with a few hairs outside; style with bristles 
at the base.V. paludicolum var. hirsutulum 

Vaccinium paludicolum var. paludicolum 

Plant height unknown. Petiole c. 1 mm long. Leaves lamina 0.6-1 (-1.2) x (0.4-)0.5-0.8 cm, midrib slightly 
impressed above, veins slightly inconspicuous, glabrous on both surfaces. Inflorescence 5-10-flowered; rachis 
(l-)1.5-2(-3) cm. Pedicels c. 3 mm long. Calyx tube 1.5 mm long. Corolla c. 2 mm wide, glabrous outside. Stamens 
with filaments alternately long and short, 2.7 mm and 2 mm long, respectively. Style c. 1 mm long, glabrous. 

Distribution: Sulawesi: Central Sulawesi. 

Habitat and ecology: On peaty quartzite plateau, 1700-2000 m. 

Flowering and fruiting: Flowering materials have been collected from August to November 

Conservation status: Data Deficient (DD). More data is needed to assess the conservation status of this 
species. No recent data available for this variety. 
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Notes. The description of the species above is mostly taken from Sleumer (1967). 

Additional specimens examined: SULAWESI: Subdiv. Poso, Lake Poso, c. 2000 m, 9 Oct 1938, Steup 7 (BO); 
Poso, Boro-Poena, 1700-1800 m, on peaty quartzite plateau, 10 Aug 1937, Eyma 1615 (BO, L). 

Vacdnium paludicolum van hirsutulum Mustaqim, var. nov. 

Diagnosis: Differ from U paludicolum var. paludicolum in having hirsutulous abaxial sides of the leaves (vs 
glabrous), the corolla provided with hirsutulous hairs outside (vs glabrous), the style with few longish hairs at 
the base (vs glabrous), longer filaments (alternately 5 and 4 mm long vs 2.7 and 2 mm long). Figs 5,6. 

Fig. 5. Vacdnium paludicolum var. hirsutulum. A. Habit. B. Inflorescence showing secund flowers. Scale; A = 2 cm; 

B = 0.5 cm. All from Ardi 263. Photos; Wisnu H. Ardi. 
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Fig. 6. Vaccinium paludicolum var. hirsutulum. A. Flowering twig. B. Abaxial view of leaf. C. Flower. D. Shorter stamen, 

alternatisepalous. E. Longer stamen. F. Style. Scale; A = 1 cm, B = 5 mm, C = 1 mm, D-E = 1 mm, E = 2 mm. All from Ardi 

263. Drawing: Wendy A. Mustaqim. 



New Diplycosia and Vacdnium from Sulawesi Telopea 22: 193 -204, 2019 203 

Type: Indonesia: Central Sulawesi: Poso Regency: Tentena-Bada road divide, 1 Aug 2018, WH Ardi 263 
(holotype: BO! isotype: CEBl). 

Etymology: The varietal epithet is derived from the presence of hairs on some organs. 

Plant to 0.5 m. Petiole 1-1.5 mm long. Leaves lamina 0.7-1.5 x 0.35-0.8 cm, flat or midrib slightly raised or 
faintly distinct above, adaxial surface hirsutulous along the midrib, abaxial surface hirsutulous. Inflorescence 
3-9-flowered; rachis 0.2-1.8 cm long. Pedicels c. 4 mm long. Calyx tube 1.25 mm long. Corolla c. 2.5 mm wide, 
with some hirsutulous hairs outside. Stamens with filaments alternately long and short, 5 and 4 mm long. Style 
c. 7.5 mm long, provided with some hairs at the base. 

Distribution: Sulawesi: only known from the type specimen collected in Tentena-Bada Valley Road divide. 

Habitat and ecology: Growing in the upper montane forest ecosystem, near a small stream, 1700 m. 

Flowering and Fruiting: Flowering August, fruiting uknown. 

Conservation status: Data Deficient. Only one individual has been seen and information on populations size 
is unavailable and so this species can be regarded as Data Deficient (lUCN 2012). 
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Abstract 

Cheilolejeunea rodneyi Bever. & Glenny, a new species of liverwort from lowland indigenous forest reserves in 
the Tararua Ecological District near Wellington in the North Island of New Zealand is described and illustrated. 
In both morphology and phylogeny, it is closest to the recently-described C. morganii Bever. & Glenny, with 
which it shares monoicy, pycnolejeuneoid innovation leaf sequences, a pentacarinate perianth with long 
rostrum and absence of large botryoidal oil-bodies, but differs in having a single or two-celled uniseriate 
second tooth, a large papilla oriented over the lobule exterior surface, a large cylindrical rostrum, the dorsal 
perianth carina comprising a low-profile ridge, oil-bodies with large, usually homogeneous segments, and the 
common presence of cladia. Its addition to the New Zealand flora brings the total species of Cheilolejeunea to 
11, four of which are endemic. 

Keywords: Cheilolejeunea, Lejeuneaceae, endemic, Marchantiopsida, liverwort, phylogeny. New Zealand, new 
species 

Introduction 

Cheilolejeunea (Spruce) Steph. is a pantropical genus of about 200 species (Soderstrom et al. 2016), including 
a number distributed in sub-tropical and temperate regions (Thiers 1997; Ye et al 2015). The characters by 
which Cheilolejeunea is distinguished within the Lejeuneaceae include the elaboration of a second lobule tooth 
oriented away from the stem toward the leaf apex, and overtopping a reduced first tooth, enlarged stem cortical 
cells, a ventral merophyte two cells wide, the presence of bifid underleaves, cells with 1-5 large usually coarsely 
botryoidal oil-bodies, absence of vegetative reproductive organs, and (0)1-2 lejeuneoid or pycnolejeuneoid 
gynoecial innovations (Schuster 1980; Zhu and So 2001; Ye et al 2015). Exceptions to each of these characters 
are known to occur. Cheilolejeunea is, after Cololejeunea (Spruce) Steph. and Lejeunea Lib., the third largest 
genus in Lejeuneaceae, the largest family of liverworts with over 1800 species in about 70 genera (Soderstrom 
et al 2016; Zhu et al 2017,2018; Ye and Zhu 2018). 

The most recently-published listing for the genus Cheilolejeunea in the New Zealand Botanical Region, 
sensu Allan (1961), (Beveridge et al 2019) includes ten species: C. alhovirens (Hook.f. & Taylor) E.A.Hodgs., 
C. campbelliensis (Steph.) R.M.Schust., C ceylanica (Gottsche) R.M.Schust. & Kachroo, C hamlinii Grolle, 

© 2019 Royal Botanic Gardens and Domain Trust 
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C. intertexta (Lindenb.) Steph., C. krakakammae (Lindenb.) R.M.Schust., C. mimosa (Hook.f. & Taylor) 
R.M.Schust., C morganii Sever. & Glenny, C. novaezelandiae R.M.Schust. and C. trifaria (Reinw., Blume 
& Nees) Mizut. As a consequence of recent research (Beveridge and Shepherd 2019), C. comitans has been 
reinstated as an Australasian endemic species from the synonymy of C. krakakammae fZhu 2006J. 

The New Zealand hepatic flora is recognised for its high species diversity as a liverwort hot spot (von Konrat 
et al 2008) and for its high degree of endemism at about 50% (Engel and Glenny 2008). Work on a variety 
of families over recent years has been informing the production of a four-volume New Zealand liverwort 
flora, three volumes of which have now been published (Engel and Glenny 2008, 2019a and 2019b). The 
production of the final volume in the next decade will place New Zealand in the select group of countries 
with a comprehensive liverwort floral treatment. However, most genera in the Lejeuneaceae including 
Cheilolejeunea have not been the subject of a comprehensive national or regional revision. Instead there has 

been an intermittent publication of new species and new records (Grolle 1973; Glenny 1996; Renner 2010; 
Renner 2013; Renner et al. 2009,2010; Renner and Poes 2011; Renner and de Lange 2011; Braggins et al. 2014; 
Lewington et al. 2013; Beveridge et al. 2019) or inclusion as part of studies of other regions (e.g. Grolle 1982). 
Within the Lejeuneaceae, the genus Cheilolejeunea may be regarded as particularly neglected with 10 species, 
including only three endemics, the recent publication of C. morganii (Beveridge et al. 2019) being the first 
endemic addition since that of C. novaezelandiae (Schuster 1985). A more detailed analysis of the status of 
the Lejeuneaceae and the genus Cheilolejeunea in the New Zealand hepatic flora may be found in Beveridge 
et al. (2019). In this study we report a new endemic species of Cheilolejeunea for New Zealand. It was initially 
recognised as morphologically distinct by comparison with fresh and herbarium material of other New 
Zealand species. The addition of Cheilolejeunea rodneyi brings the total number of species of Cheilolejeunea in 
New Zealand to 11, four of which are regarded as endemic. 

Materials and Methods 

Specimens from three locations were available for this study. The type specimen of the new species (WELT 
HO 14288) was collected in the Horoeka Reserve, Stokes Valley, close to Wellington during a bioblitz diversity 
survey. Lield collection had previously located similar material in two other Wellington reserves, at Graces 
Stream in the Remutaka Lorest Park (WELT HO 14291) and Tanes Track, Pakuratahi Regional Park (WELT 
HO 14289). Observations and measurements of gross structures were made using an Olympus TLE stereo 
microscope with ocular micrometer. Aqueous mounts were made for observation of oil-bodies, and for 
observation of other vegetative and gametangial structures and hand-cut stem sections, with methylene blue 
for contrast enhancement, where appropriate. Observations were made using an Olympus CH compound 
microscope with ocular micrometer. Microscope images were captured with a Canon A630 digital camera, 
edited using Mac Photos software and printed as tracing table masters. Scanning Electron Microscope (SEM) 
photographs were taken with a Hitachi TM3030Plus desktop SEM. Specimens were sputter coated with gold 
before examination. A subsequent collection from the same tree in the Horoeka Scenic Reserve provided 
material for description of sporophyte and spores, and for SEM images. 

The molecular study of the phylogeny of Cheilolejeunea (Ye etal. 2015) has provided a phylogenetic framework 
for establishing relationships of the new species within Cheilolejeunea. Genomic DNA was isolated from three 
accessions of C. rodneyi, including the type specimen, and one accession each of the previously unsequenced 
species C. alhovirens and C. campbelliensis using a modified-CTAB DNA extraction method (steps 1, 3-7 
from Table 1 in Shepherd and McLay 2011). The two chloroplast loci and one nuclear locus used by Ye et al. 
(2015) were PGR amplified. The chloroplast transfer RNA^7 (UCC) {trnG) and the trnL (UAA) 5'exon-trnP 

(GAA) intergenic spacer (trnLF) were amplified using the primers of Pacak and Szweykowska-Kulinska 
(2000) and Taberlet et al. (1991), respectively. The nuclear ribosomal internal transcribed spacer 1 and 2 with 
the intervening 5.8S ribosomal subunit (nrlTS) was amplified using the primers of Hartmann et al. (2006). 

PGR amplifications were performed in 12 pi reactions with lx Mytaq buffer (Bioline, Australia), 5 pmol of 
each primer and 1 M betaine. PGR thermocycling conditions followed Shaw et al. (2005) for trnG and trnLF 
and Ye et al. (2015) for ITS. Purification of PGR products was performed by digestion with 0.5 U shrimp 
alkaline phosphatase (SAP, USB Corp.) and 2.5 U exonuclease I (Exol, USB Corp.) at 37°C for 15 minutes, 
followed by enzyme inactivation at 80°C for 15 minutes. Sequencing was undertaken on an ABI 3730 DNA 

sequencer (Massey University Genome Service, Palmerston North, New Zealand) with the ABI Prism Big Dye 
Terminator cycle sequencing kit version 3.1. 
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Table 1 Specimens used for phylogenetic analysis in this study, including herbarium voucher information and GenBank 
accession numbers. 

Species Voucher 
GenBank accession numbers 

tm L-trnF trnG ITS 

Cheilolejeunea albovirens CHR 6238196 MN308478 MN308473 MN316699 

Cheilolejeunea aurlfera /. Holz CROO-0812 (GOET) KT190825 KT190883 KT190949 

Cheilolejeunea campbelliensis CHR 638557 l\/IN308477 MN308472 l\/!N316698 

Cheilolejeunea clausa N.D. Santos et al. 400A (RB) KT190819 KT190874 KT190940 

Cheilolejeunea dypeata B. Shaw4714 {D\JKE) KT190807 KT190863 KT190928 

Cheilolejeunea filiformis S. Churchill et al. 23653 (GOET) KT190822 KT190880 KT190946 

Cheilolejeunea intertexta R.L Zhu 20050908-20 (HSNU) KT190792 KT190849 KT190792 

Cheilolejeunea krakakammae R.L Zhu 20070319-7 (HSNU) KT190814 KT190869 KT190935 

Cheilolejeunea laevicalyx 5.R. Oradstein 10104 {GOET) KT190820 KT190875 KT190941 

Cheilolejeunea mimosa A. Schafer-Verwimp & 1. Verwimp 13664 (GOET) KT190821 KT190877 KT190943 

Cheilolejeunea morganii WELT H014086 - MG970147 I\/1G970144 

Cheilolejeunea morganii WELT H014185 - MG970148 I\/1G970145 

Cheilolejeunea nipponica J. Wang et al. 20090801-5 (HSNU) KT190793 KT190850 KT190909 

Cheilolejeunea roccatli E. Elscher X-RWA-1120 (Herb. Schafer-Verwimp) KT190802 KT190858 KT190923 

Cheilolejeunea rodneyi WELT H014288 MN308474 MN308469 l\/IN316695 

Cheilolejeunea rodneyi WELT HOI4289 MN308475 MN308470 MN316696 

Cheilolejeunea rodneyi WELT H014291 MN308476 MN308471 I\/1N316697 

Cheilolejeunea turgida 1/1/ Ye&Y.M. Wei20090720-20 (HSm) KT190801 - KT190922 

Cheilolejeunea vittata R.L. Zhu etal. 20050907-32 (HSNU) KT190798 KT190855 KT190917 

The sequences were edited in Sequencer 5.2.3 (Gene Codes Corporation). The edited sequences were then 
aligned with selected sequences from Ye et al. (2015), Beveridge et al (2019) and Beveridge and Shepherd 
(2019) using MAFFT 6.849 (Katoh and Toh, 2008), at the EMBL-EBI online server, with default settings. 
Regions of low homology at each locus were detected and removed using Gblocks (Talavera and Castresana 
2007), with the least restrictive settings. 

Phylogenetic analyses were conducted on both the individual and combined datasets using the PhyML v3.0 
web server (http://www.atgc-montpellier.fr/phyml/; Guindon et al, 2010) with maximum likelihood (ML) 

and MrBayes v3.2.1 (Huelsenbeck and Ronquist 2001) for Bayesian analyses (BA). For the ML analyses, the 
best-fit model of sequence evolution for each dataset was determined using Smart Model Selection (Lefort et 
al 2017). Heuristic searches were performed with 10 random addition sequence replicates and SPR branch¬ 
swapping, and branch support assessed with 1000 bootstrap pseudoreplicates. For the BA on each dataset two 
concurrent analyses were run, each with four Markov chains of five million generations and sampling every 
1000 generations. For the combined dataset, each locus was assigned as a separate partition and rates allowed 
to vary across partitions. For each partition in the combined dataset and for the individual datasets the best- 
fit model of sequence evolution was determined using the Akaike information criterion (AIC) in jModelTest 
v2.1.7 (Darriba et al 2012). The first 20% of samples were discarded as burn-in, after this point the standard 
deviation of split frequencies was below 0.01 and Tracer v.1.6 (Rambaut and Drummond 2009) also confirmed 
that stationarity had been reached. 

Results 

The three Cheilolejeunea rodneyi specimens shared identical DNA sequences across the three loci, which 
differed from other published sequences. The sequences detected in C. albovirens and C. campbelliensis differed 
from each other and also any other published sequences. All newly-generated sequences have been deposited 
in GenBank (Accession numbers MN308469-MN308478, MN316695-MN316699). 

The final unambiguous alignment of the three loci was 2335 base pairs (bp) in length, of which 275 bp 
were parsimony informative. The phylogenies estimated by the different tree building methods and for the 
individual loci were very similar, differing only in nodes that received low support. The Bayesian phylogeny is 
shown in Figure 1, with both the ML and BA support values reported. The Cheilolejeunea rodneyi specimens 
were recovered as sister to C. morganii with strong support (100% BS ML, 1.00 PP). The newly-sequenced 
C. albovirens and C. campbelliensis were strongly supported as sister taxa (100% BS ML, 1.00 PP), and were in 



208 Telopea 22: 205-217, 2019 Beveridge, Glenny and Shepherd 

turn sister to C. morgani and C. rodneyi (95% BS ML, 1.00 PP). Cheilolejeunea turgida and C roccatii grouped 
with the above species with this clade, which corresponds to Section Paroicae of Ye et al (2015), also receiving 
strong support (99% BS ML, 1.00 PP). 

100/1.00 

100/1.00 

95/1.00 

99/1.00 

Cheilolejeunea rodneyi \NELJ H014289 

Cheilolejeunea rodneyi V^ELT HOI 4288 

Cheilolejeunea rodneyi WELT H014291 

Cheilolejeunea morganii WELT H014186 

96/0.99^ Cheilolejeunea morganii WELT H0^ 4287 

— Cheilolejeunea campbelliensis CHR 638557 
100/1.00 

Cheilolejeunea albovirens CHR 6238196 

- Cheilolejeunea roccatii E. Fischer X-RWA-1120 {L\erb. Schafer-Verwimp) 

Cheilolejeunea turgida W. Ye & Y.M. Wei 20090720-20 (HSNU) 

100/1.00 

100/1.00 

99/1.00 

-/0.92 

75/0.99 

- Cheilolejeunea clypeata B. Shaw 4714 (DUKE) 

- Cheilolejeunea clausa N.D. Santos et al. 400A (RB) 

- Cheilolejeunea laevicalyx S.R. Gradstein 10104 (GOET) 

- Cheilolejeunea mimosa A. Schafer-Verwimp & I. Verwimp 13664 (GOET) 

- Cheilolejeunea krakakammae R.L. Zhu 20070319-7 (HSNU) 

-Cheilolejeunea filiformis S. Churchill et al. 23653 (GOET) 

- Cheilolejeunea aurifera I. Holz CROO-0812 (GOET) 

- Cheilolejeunea intertexta R.L. Zhu et al. 20050908-20 (HSNU) 

-Cheilolejeunea nipponca J. Wang et al. 20090801-5 (HSNU) 

Cheilolejeunea vittata R.L. Zhu et al. 20050907-32 (HSNU) 

- 0.02 

Fig. 1. Bayesian phylogram indicating the position of the new species within Cheilolejeunea based on comparison with 

the position of selected indicative species in the phylogeny of Ye et al (2015), plus the newly sequenced C. albovirens and 

C. campbelliensis. Support values higher than 75% maximum likelihood bootstrap (ML BS) and 0.90 posterior probability 

in the Bayesian analysis (BA PP) are reported in the following order; ML BS / BA PP. 

Discussion 

Both the morphological comparison and molecular analyses demonstrate the distinctiveness of Cheilolejeunea 
rodneyi. The species is closest to the New Zealand endemic C. morganii but is not that species, see the 
recognition section below for details. It does not match any of the currently accepted New Zealand species and 
does not match species reported for Australia (Thiers 1997; Zhu and Lai 2005; Renner 2012), China, (Zhu et al 
2002) Japan (Mizutani 1982), and North America (Schuster 1980). The New Zealand hepatic flora is closest to 
that of Australia (Engel and Glenny 2008). About 50% of the c. 640 species are endemic and c. 280 (44%) species 
are shared with Australia. As all New Zealand non-endemic Cheilolejeunea species are found also in Australia 
(McCarthy 2003), and C. rodneyi does not match any of the species described for Australia by Thiers (1997) 
with additions by Zhu and Lai (2005) and Renner (2012), we propose it as a new species. However, we have not 
conducted an exhaustive examination of types and synonyms. Thus, the possibility remains that C. rodneyi has 
been previously described. However, in that case, a question of nomenclatural priority will be readily resolved 
for well circumscribed taxa. It follows that its current provisional status is that of a New Zealand Botanical 
Region endemic. 
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Cheilolejeunea rodneyi and the recently-described C morganii are resolved in Section Paroicae of the 
Cheilolejeunea phylogeny. Cheilolejeune alhovirens and C. campbelliensis, whose DNA sequences are newly 
reported here, also group in this section. Further research into the genus Cheilolejeunea in New Zealand is 
planned to investigate species in the clade including C. mimosa to which most undescribed New Zealand 
species diversity appears to belong. 

Taxonomic Treatment 

Cheilolejeunea rodneyi Bever. & Glenny sp. nov. 

Diagnosis: Cheilolejeunea rodneyi is most similar to C. morganii Bever. et Glenny with which it shares monoicy, 
pycnolejeuneoid innovation leaf sequences, obovate pentacarinate perianth and a long rostrum, oil-bodies 
mainly or frequently with uniseriate segments, and moderately bulging leaf lamina and lobule cells; but differs 
in having a one- or two-celled lobule second tooth, oil-bodies with few large homogeneous segments, a large 
lobule papilla oriented over the lobule external surface, usually distant underleaves, a perianth with low profile 
dorsal carina, and asexual reproduction by cladia. 

Type: New Zealand, Tararua Ecological Region, Tararua Ecological District, Stokes Valley, Horoeka Scenic 
Reserve 41°10.30'S, 174°59.27'E, 12 Dec 2017, R Beveridge QC-2 (Holotype: WELT H014288!) 

Plants pale green, grey-green in herbarium, in procumbent, often parallel, overlapping growth over bark. 

Branching by Lejeunea-type intercalary branches. Leading shoots c. 0.75-1.0 mm wide by 4-9 mm long, 
intermingled with a range of suboptimal shoots down to c. 0.2-0.35 mm wide, of variable length, apparently 
derived from cladia. Stem pale brown, c. 60-70 pm diameter, in cross section (Fig. 2E) with 7 cortical cells, the 
cells more or less rectangular-elliptical, c. 10 pm wide x 20 pm long, the outer wall 3-7 pm thick, medullary 
cell rows c. 9-12, variably thick-walled. Stem cells in surface view quadrate to short rectangular, 15.0-22.5 pm 
wide, 17.5-25.0 pm long with walls c. 2.5 pm thick, c. 10 cells intervening between successive leaves. Rhizoids 
mostly absent or traces only, sporadically present in clusters of up to 30, arising from underleaf cells adjacent 
to underleaf bases, hyaline, thick walled, c. 7.5 pm wide x 150 pm long. Leaves (Fig. 2H) incubous, alternate, 
lobes convex dorsally, imbricate, patent, obliquely spreading, angled to stem axis at about 45°, the lobe apices 
usually deflexed and obscured in dorsal view. In dorsal view of leading shoots, imbricate leaf lobes completely 
covering the stem, the antical leaf margin usually extending c. 15-30 pm across stem width. Lobes in leading 

shoots ovate to elliptic, c. 0.3-0.4 mm wide x 0.5 mm long, usually rounded at the leaf apex, occasionally 
narrowing to an obtuse-angled point, margins entire or with weak crenulation, weakly to moderately angled 
at lobule apex. Vitta absent. Mid-lobe cells (Fig. 3) c. 12.5-20.0 pm wide x 17.5-27.5 pm long, walls 1.5-2.0 pm 
wide, trigones absent or small and concave, usually without intermediate thickening. Dorsal surface of lobe 
with weakly to moderately bulging cells. Marginal cells c. 15 pm wide x 12.5 pm long. Oil-bodies (Fig. 3) 
2-4, colourless or grey, homogeneous, occupying 25-75% of cell lumen 3-5 pm wide x 7.5-20 pm long, 
usually deeply segmented, segments variable in length, 2.5-8 pm long, segmentation in linear sequences or 
occasionally in short double rows. Chloroplasts peripheral in cell, appearing spindle-shaped, c. 2.5 pm wide 
X 3 pm long. Lobules (Fig. 2 I, J) before flattening triangular, antical margin inrolled, and the lobule apex 

constricted with the second tooth normally obscured, but with inflated papilla often visible in profile. Lobule 
after flattening, ovate triangular, c. 0.08-0.12 mm wide, c. 0.14-0.18 mm long, c. 0.3x lobe length, the keel 

weakly arched, the free margin of c. 9 cells between stem and second tooth, the lobule apex oblique, the second 
tooth unicellular or two celled and uniseriate; in the type unicellular c. 20 pm long, 10 pm wide, otherwise 
two celled, c. 25.5 pm long, 12.5 pm wide, narrowing distally, the papilla when fully expressed c. 8-10 pm 
diameter, situated at the marginal depression between the second tooth and the slightly prominent rectangular 
first tooth and oriented over the lobule external surface. Cells of the lobule, including keel, usually weakly 
bulging. Underleaves (Eigs 2A,B, 5) weakly to moderately patent, attached to two-celled ventral merophyte by 
4-6-celled sub-transverse insertion, typically distant by about one underleaf length, contiguous only close to 
shoot apices or gynoecia, very occasionally imbricate, obovate to suborbicular, 0.18 mm wide x 0.18 mm long, 
sinus V-shaped, 0.05 mm deep. Lobe apices rounded, or pointed with a single apical cell. Lobe base c. 6-8 (-9) 
cells wide. 

Asexual reproduction by cladia, present in all collections, abundant in the type. Cladia (Fig. 2 AD) short slender 
fragile branches with reduced leaves and underleaves, produced by Lejeunea-type branching from main stem 
or branches, by pycnolejeuneoid single or double innovations in the form of cladia, or by shoots narrowing to 
apical cladia. 
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Fig. 2. Cheilolejeunea rodneyi Bever. & Glenny sp. nov. (A) Ventral view of leading shoot with unfertilised gynoecium 

and innovations as cladia. (B) Ventral view of leading shoot with gynoecium and innovation narrowing to lost cladium. 

(C) Rostrum (D) Cladium (E) Stem section (F) Female bracts and bracteole (G) Androecium (H) heaves (I) Two-celled 

second tooth and papilla with exterior orientation (J) Detail of lobule with single celled second lobule tooth and papilla. 

(K) Sporophyte valve apex, outer layer. (I) Drawn from WEFT HO 14291 (K) Drawn from WEFT HO 14328, the remainder 

drawn from the type, WEFT H014288. 
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Fig. 3. Oil-body image from WELT H014328, scale bar 25.5 [am. 

Monoicous. Androecia (Fig. 2G) typically short lateral branches from leading shoots and branches, usually 
proximal on shoots, ovate, c. 0.4 mm wide, 0.5-0.6 mm long, spicate, determinate, projecting beyond the 
adjacent leaves and visible dorsally, typically 1 male bracteole associated proximally with a sterile bract 
pair, occasionally with a second bracteole associated with the proximal pair of 2-4 pairs of fertile bracts, 
the proximal pair of bracts moderately larger than distal pairs, the bracts typically imbricate to contiguous 
with moderately exposed stems. Androecia diandrous, antheridia c. 12.5 pm diameter, stalk uniseriate, 10 pm 
diameter. Gynoecia (Figs 2F, 4,5) mostly terminal on long branches with the ultimate subgynoecial underleaf 
larger than the shoot underleaves not obscuring the innovation first leaf. Female bracts free, bilobed, lobes c. 
0.2-0.35 mm wide, 0.45-0.55 mm long, entire, falcate-spathulate, apices rounded, lobule explanate, narrow 
to moderately broad and Ungulate, deflexed, c. 0.07 mm wide, 0.3 mm long. Bracteole free, convex, obovate, 
cuneate proximally, in distal sector gradually rounded to apex, c. 0.24 mm wide, c. 0.45 mm long, sinus 
narrow, V-shaped, 0.1 mm deep, with usually single-celled lobe apices. Perianths (Figs 2B, 5) terminal on 
leading or lateral shoots, obovate, rounded to apex, widest close to apex, pentacarinate, the lateral and ventral 
carinae sharply carinate, the dorsal carina a low profile ridge on a more or less plane dorsal surface. Rostrum 
(Fig. 2C) subcylindrical, often slightly arcuate, ( 60-) 75-100 pm long of 5-7 cell tiers, the cells sub-quadrate 
or rectangular with length up to 2x width, with more or less uniform cell thickening. Rostrum apparently 

fragile. Androecia and gynoecia not often in close proximity. Pycnolejeuneoid innovations, (Figs 2A,B, 5) 1-2 
from fertilized and unfertilized gynoecia. 
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Fig. 4. Ventral view SEM image of WELT H014328, gynoecium and pycnolejeuneoid innovation. 

Fig. 5. Ventral view SEM image of WELT H014328 of shoot, gynoecium and innovation 
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Sporophyte (based on P. Beveridge QY-1 WELT HO 14328) shortly emergent from perianth, diameter c. 260 pm, 
seta tiered, width 150 pm, tiers 0.1 mm long, c. 0.6 mm between rostrum tip and capsule. Capsule dehiscent 
into four incompletely separated valves, valve sinus c. 0.70 x valve length. Valves and valve thickenings pale 
grey to medially golden. Outer layer (Fig. 2K) cells in the upper half of the valve quadrate at valve margin with 
marginal dome-shaped thickenings. Upper valve medial cells larger, obscurely hexagonal, 25 pm x 25 pm, with 
conspicuous thickenings, mainly irregular dome-shaped thickenings, occasionally becoming confluent and 
irregularly linear along cell boundaries. Below mid-valve a transition to a field of c. 40 rounded rhomboidal 
to subrectangular thin-walled cells, the cells c. 17.5 pm wide x 30 pm long or smaller. Inner layer cells near 
apex and margins larger than outer layer cells, c. 25 pm wide x 45 pm long, each with a small dome-shaped 
thickening, cells near valve midline becoming rectangular in 3-4 (-5) rows parallel to the mid-line, thin- 
walled with dome-shaped thickening along longitudinal walls, the thickening becoming continuous, sinuose 
and with a golden colour. Platers c. 12.5 pm wide, 250 pm long, with a 2.5 pm wide mono-helical rudimentary 
thickening, one valve observed with an apical elater and two lateral elaters attached near valve margin, elater 
complement incomplete and precise pattern of attachment not established. Spores flattened, variable in shape, 
sub-rectangular 75 pm long x 50 pm wide with transverse to rounded ends, or shorter and ovate, papillose- 
granular with 2 or 3 rosettes. 

Additional specimens examined: New Zealand: North Island: Upper Hutt, Pakuratahi Regional Park, 
Tunnel Gully, Tanes Track 41°06.17'S, 174°09.30'E, 220 m, 11 Jun 2017, R Beveridge PT-1 (WELT H014289); 
Wainuiomata,Remutaka Forest Park, Catchpool, Graces Stream, 41° 20.62'S 174° 56.00' E, 60 m, 9 Apr 2017, 
P. Beveridge PR-1 (WELT H014291) 

Distribution and Ecology: Cheilolejeunea rodneyi has been collected in the Tararua Ecological District, in 
three lowland forest reserves along the western foothills of the Remutaka Range, east of Wellington and the 
Hutt Valley. The most southern, Graces Stream in the Remutaka Forest Park, is approximately 20 km S of the 
type locality, Horoeka Scenic Reserve in Stokes Valley. Tane’s Track, Tunnel Gully in the Pakuratahi Regional 
Park is a further 15 km ENE of the Horoeka Scenic Reserve. At all the sites, C. rodneyi was present as an 
epiphyte on the trunk of Nothofagus truncata Colenso. 

At the Horoeka SR, the mixed podocarp-broadleaf forest composed of Dacrycarpus dacrydioides 
(A.Rich.) de Laub., Nothofagus truncata, Beilschmiedia tawa (A.Cunn.) Benth. & Hook.f. ex Kirk, 
Pseudopanax crassifolius (Sol. ex A.Cunn.) K.Koch, Pseudopanax arboreus (L.f.) K.Koch, Knightia excelsa R.Br., 
Olearia rani (A.Cunn.) Druce, Cyathea dealbata (G.Forst.) Sw., with Dicksonia squarrosa (G.Forst.) Sw., 

growing in a confined stream gully with closed canopy. 
Cheilolejeunea rodneyi was growing there as a luxuriant trunk epiphyte from tree base to at least two metres 
and apparently up to the lowest branches over a metre higher. This growth pattern is likely to be a response to 
relatively high humidity and asexual reproduction by cladia. 

At Tane’s Track, Tunnel Gully, at an elevation of 220 m, a mixed podocarp-broadleaf forest of 
Dacrydium cupressinum Sol. ex G.Forst., Nothofagus truncata, Beilschmiedia tawa, Knightia excelsa and 
Pseudopanax crassifolius is located on a steep slope with a western aspect and moderate to strong insolation. 
Cheilolejeunea rodneyi was found there on the lower trunk and base of N. truncata. 

At Graces Stream, Remutaka Forest Park, at 60m elevation, the mixed broadleaf forest with dominant 
Nothofagus truncata and N. solandri Hook.f. has moderate to strong insolation with evidence of maturity 
and windfall. Cheilolejeunea rodneyi there was in scattered patches on the trunk of N. truncata with other 
bryophytes including Drepanolejeunea aucklandica Steph., Frullania aterrima (Hook.f. & Taylor) Gottsche, 
Lindenb. & Nees, F. pentapleura Taylor, Radula sp. and Hypnum chrysogaster Mull.Hal. 

Recognition: Although within the New Zealand Cheilolejeunea flora, there are a few species that can be identified 
with confidence on vegetative features alone, for most, gynoecial material is required with innovations, and 
ideally with perianths, to determine whether gynoecial innovations are lejeuneoid or pycnolejeuneoid and 
facilitate identification. Examination of the key below will show that the pycnolejeuneoid condition is shared 
by 7 species, C. albovirens, C.ceylanica, C. intertexta, C. campbelliensis, C. novaezealandiae, C. morganii, and 
with this paper, C. rodneyi. Some of these species are readily distinguished from C. rodneyi and C. morganii by 
their vegetative features. Cheilolejeunea albovirens and C. ceylanica differ by being small with narrow shoots, 
less than 500 pm wide and with long, rectangular lobules at least 0.5 lobe length. Cheilolejeunea campbelliensis 
and C. novaezealandiae are distinguished by their having papillose leaf cells. The remaining pycnolejeuneoid 
species was formerly known as Pycnolejeunea glauca and recognised in New Zealand at present as C. intertexta, is 
distinguished from C. morganii and C. rodneyi by its short rostrum and underleaves that are large, up to four times 
stem width, orbicular with a narrow sinus and with underleaf lobe apices commonly crossing over each other. 
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Cheilolejeunea rodneyi is most similar to C. morganii but is able to be distinguished by a number of features. 
The perianths of C. rodneyi have a rounded apex and a low-profile dorsal carina ridge in contrast to the 
truncate or retuse perianth apex and sharply carinate dorsal carina in C. morganii. Underleaves are usually 
obovate to suborbicular and distant in C. rodneyi while typically obovate and contiguous in C. morganii. The 
distinctive oil-body features in C. rodneyi of linear sequences of mainly single large homogenous segments up 
to 4 pm wide x 20 pm long contrast with the spherical segments, 2.5 pm diameter, in C. morganii. The lobule 
features of C. rodneyi include a single or two-celled second tooth and a large papilla oriented over the lobule 
external surface. The papilla is erect on the lobule margin in C. morganii and the second tooth 4-5-celled. 
Cladia, sometimes conspicuous, are present only in C. rodneyi. 

A summary of these and other features by which Cheilolejeunea rodneyi can be distinguished from C. morganii 
may be found in Table 2. 

Table 2. Features for distinguishing between Cheilolejeunea rodneyi and C. morganii. 

Character Cheilolejeunea rodneyi C. morganii 

Leaf lobe apices rounded rounded to obtuse-angled point 

Oil-bodies homogeneous, 2-4, 3-5 pm wide 7.5-20 
pm long, segments 2.5-8 pm long in linear 

sequences 

botryoidal, 2-3, 3-4 pm wide,10-12.5 pm 

long, segments spherical, ca 2.5 pm in diam., 

moniliform or double rows 

Underleaves (typically) distant X length of an underleaf contiguous 

Underleaf shape obovate to suborbicular obovate 

Lobule second tooth 1-2 cells 4-5 cells 

Lobule papilla large marginal extending onto lobule external 

surface 

small marginal erect 

Rostrum shape cylindrical truncate-conical 

Rostrum cell tiers 5-7 (75-100 pm long) 5-7 (ca 65 pm long) 

Rostrum cells quadrate-rectangular, length to width to x2 isodiametric to short rounded 

Perianth dorsal carina low profile ridge sharply carinate 

Cladia commonly present not seen 

Conservation Status: Cheilolejeunea rodneyi is known at present from only three locations in the Wellington 
area and was not previously represented in the herbaria at CHR and WELT. The species was unknown at the 
last published threat classification (de Lange et al. 2014). Its classification in the meantime, according to the 
New Zealand Threat Classification System (Townsend et al. 2008) should be ‘Data Deficient’. 

Etymology: The name honours the late Rodney Lewington (1935-2018), a long-time member of the Wellington 
Botanical Society, supporter of the Otari-Wiltons Bush Trust, and student of the New Zealand liverwort flora, 
generous in sharing his knowledge and enthusiasm, and a frequent companion in the field. 

Key to species of Cheilolejeunea in New Zealand 

The following key to the New Zealand species of Cheilolejeunea is modified from that for Australia in Thiers 
(1997), with additional modifications after Zhu and Lai (2005). 

1. Leaves ovate; lobule rectangular, 2.0-3.5 times longer than wide, at least 0.5 lobe length; 
innovation leaf sequences pycnolejeuneoid.2 

1. Leaves ovate, ovate-acute or orbicular; lobule ovoid, 1-2 times longer than wide, 0.25-0.5 
lobe length; innovation leaf sequence lejeuneoid or pycnolejeuneoid.3 

2. Shoots less than 500 pm wide; stem cortex of less than 5 cells in cross-section; leaves erect, 
innovations usually absent.C. albovirens 

2. Shoots at least 500 pm wide; stem cortex of at least 7 cells in cross-section; leaves widely 
spreading; innovations usually present.C. ceylanica 

3 Underleaf insertion straight or moderately arched, bases cuneate to rounded.4 

3 Underleaf insertion strongly arched (H-shaped), bases cordate.C. trifaria 

4 Innovation leaf sequence lejeuneoid.5 

4 Innovation leaf sequence pycnolejeuneoid.7 
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5 Perianths sharply 5-keeled.6 

5 Perianth keels completely lacking.C comitans 

6 Leaf apex acute; lobule apex attenuate, lobule teeth subequal, composed of single cells, 
isodiametric.C hamlinii 

6 Leaf apex obtuse; lobule apex not attenuate, lobule teeth not equal in size and shape, 
second tooth pointed towards leaf apex.C mimosa 

1 Rostrum (intact) >4 cell tiers tall.8 

7 Rostrum (intact) <4 cell tiers tall.9 

8 Second tooth composed of 1 or 2 cells, if 2 then uniseriate.C. rodneyi 

8 Second tooth composed of 4-5 cells, uniseriate or not.C morganii 

9 Dorsal leaf cell surfaces smooth.C intertexta 

9 Dorsal leaf cells each bearing a single dome-shaped papilla.10 

10 Leaf apices rounded-acute to obtuse, underleaves remote, papillae on lobule carina, 
lobe margins, but not on underleaves,, dioicous.C campbelliensis 

10 Leaf apices acute, narrowly triangular, underleaves contiguous or slightly imbricate, 
papillae on dorsal lobe surface and margins and underleaf disc, autoicous.C. novaezelandiae 
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Abstract 

The new combinations, Corybas longitubus (D.L.Jones & L.M.Copel.) M.A.M.Renner and Genoplesium trifidum 
(Rupp) M.A.M.Renner, are provided for a species described in a genus not currently accepted (Corysanthes), and 
for another species described in a genus since split (Prasophyllum) for which no valid combination in Genoplesium 
exists. The circumscription, recognition, and distribution of Genoplesium trifidum are all reconsidered. 

Introduction 

Preparation of the Australian Plant Census (APC 2019) treatment for Orchidaceae identified two orphaned 
species from New South Wales. These are taxa that are accepted, but for which no combinations in accepted 
genera are currently available. 

Salisbury proposed the genus Corybas Salisb. based on Corybas aconitifiorus Salisb., in Hooker (1807). Brown 
(1810) was unimpressed by Salisbury’s illustration and description, and published his own genus, Corysanthes 
R.Br., and species, Corysanthes bicalcarata R.Br. {=Corybas aconitifiorus); the lectotype of Browns Corysanthes 
is Corysanthesfimbriata R.Br. {=Corybasfimbriatus (R.Br.) Rchb.f.), designated by Endlicher (1837). Salisbury’s 
Corybas was not accepted by Bentham (1873), and for many years thereafter Corysanthes was used in preference 
(eg., Rupp 1942). A third genus, Nematoceras Hook.f. was proposed for five species from New Zealand with 
filiform tepals (Hooker 1853). Nematoceros remained in occasional use in New Zealand, until the Flora of New 
Zealand treatment (Moore and Edgar 1970) placed all species under Corybas. During the latter half of the 20* 
Century all species previously assigned to Corysanthes and Nematoceros were placed in Corybas. 

Both Corysanthes and Nematoceros were reinstated, and three new genera segregated from Australian 
and New Zealand Corybas by Jones et al. (2002): Anzybas D.L.Jones & M.A.Clem., Molloybas D.L.Jones & 
M.A.Clem., and Singularibas D.L.Jones & M.A.Clem., the latter two were monotypic. Evidence supporting the 
recognition of these new and reinstated genera was published subsequently by Clements et al. (2002), which 
included recovery of monophyla in the nrlTS gene tree corresponding with the proposed genera. The generic 
classification proposed by Jones et al. (2002) has not been widely adopted, and Corybas remains circumscribed 
in the broad sense in both Australia and New Zealand (Lehnebach et al. 2016). 

© 2019 Royal Botanic Gardens and Domain Trust 
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Corysanthes longituba D.L.Jones Sc L.M.Copel. was newly described by Jones and Copeland (2018) for a taxon 
that had been informally recognized for more than two decades, as Corybas sp. A in the Flora of New South 
Wales (Jones 1993) and as Corybas sp. off. dilitatus (Barrington Tops) in Bishop (1996). A combination for 
Jones and Copeland’s (2018) species under Corybas is proposed below. 

Genoplesium R.Br. was reinstated by Jones and Clements (1989) for a distinctive group of species then placed 
in Prasophyllum R.Br. sect. Genoplesium (R.Br.) Hook.f., and this reinstatement has been widely adopted. 
However, Jones et al. (2002), in the absence of published supporting data and contrary to their own earlier 

interpretations of morphological evidence, proposed Fitzgerald’s genus Corunastylis also be reinstated, leaving 
Genoplesium monotypic. That latter proposal has not been universally adopted, and further generic splitting 
within the Prasophyllum complex based on nrlTS sequence data alone (Clements and Jones 2019), make a 
broadly circumscribed Prasop/zy//um more appealing, given the disruption to morphological circumscription of 

Corunastylis introduced by Mecodium; and likely more stable. There are inherent limitations to nrlTS (Alvarez 
and Wenzel 2003), and broad inference of relationships from single gene trees (Degnan and Rosenberg 2009), 
the latter of which has already had a destabilizing influence on orchid taxonomy in Australia (Jones et al. 2002; 
Hopper 2009; Clements et al 2015). Until the veracity of relationships presented by Clements and Jones (2019) 
has been corroborated by additional data, including both chloroplast and low-copy nuclear genes, the National 
Herbarium of New South Wales will continue to recognize two genera, Prasophyllum and Genoplesium, sensu 
Clements and Jones (1989). 

Prasophyllum trifidum Rupp was described from Castlecrag, a suburb on Sydney’s north shore (Rupp 1941). In 
the Flora of Queensland (Jones 1989, p. 384), P trifidum was treated as Genoplesium trifidum (Rupp) D.L.Jones 
Sc M.A.Clem. but this name was invalid as full and direct reference to the place of publication of P trifidum 
was not provided (see Articles 38.12 and 45.1 of International Code of Nomenclature, Turland et al 2018). 
Prasophyllum trifidum was treated as a synonym of G. rufum (R.Br.) D.L.Jones Sc M.A.Clem. by Jones and 
Clements (1989), then reinstated in the genus Corunastylis by Jones and Clements (2004). Corunastylis is not 
accepted as distinct from Genoplesium, and a new combination for Rupp’s species is proposed below. Currently 
it is generally accepted that P trifidum Rupp occurs only on the Northern and Central Coast of New South 
Wales, and Queensland records are referable to other species. Here the distribution and circumscription of G. 
trifidum are reconsidered with reference to the type material, with the result that many specimens attributed 
to this taxon are excluded, which has implications for the known distribution and abundance of G. trifidum. 

Taxonomic Treatment 

Corybas longitubus (D.L.Jones Sc L.M.Copel.) M.A.M.Renner comb. nov. 

Basionym: Corysanthes longituba D.L.Jones Sc L.M.Copel., Australian Orchid Review 83(6): 56 (2018). 

Type: New South Wales; Barrington Tops, 50 m downstream of Manning River Camping area, 8 Sept. 2004, 

W.M. Dowling 412 (holotype: CANB 652827; isotypes: MEL, NSW 935081!) 

= Corybas sp. A. sensu D.L. Jones, Flora of New South Wales Volume 4: 215 (1993) 

= Corybas sp. aff. dilitatus (Barrington Tops) 

For description, images, and recognition of this species see Jones and Copeland (2018). 

Genoplesium trifidum (Rupp) M.A.M.Renner comb. nov. 

Basionym: Prasophyllum trifidum Rupp, The Victorian Naturalist 58(2): 21 (1941). 

Type citation: Castlecrag, Middle Harbour, Port Jackson; May 1940. (H.M.R.R.) 

Type: Castlecrag, May 1940, H.M.R.Rupp (NSW 87486!) 

= Genoplesium trifidum (Rupp) D.L.Jones, &M.A.Clem.,E/ora of south-eastern Queensland 3:384 (1989) nom. inval 

= Corunastylis trifida (Rupp) D.L.Jones Sc M.A.Clem., The Orchadian, Scientific Supplement 14(8): xiii (2004) 

Description: Lea/terete, 110-330 mm long, 1-2 mm wide, lamina sheathing the scape, linear, free lamina 
15-30 mm long and 2-3 mm wide, ending below or level with the first flower. Inflorescence 160-380 mm 
long, bearing 10-42 flowers on a spike 12-43 mm long; flowers opening in sequence from the base; pedicel 
and ovary straight, 1-4 mm long, lengthening with age such that young spikes with newly opened flowers 

are densely crowded while older spikes with all flowers open and presenting may be openly spaced. Flowers 
porrect to deflexed, dorsal sepal 3 mm long, 1.5 mm wide, triangular-ovate, concave and inflated at medial 
base, apex shortly attenuate, not bearing a gland; lateral sepals 4 mm long, 1 mm wide, linear-lanceolate. 
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widest just above base, concave toward apex sometimes margins overlapping and so tubular, acute, bearing a 
small dark orange to fuscous unstalked ovoid gland around 0.1 mm diameter, petals 2.5 mm long, 1 mm wide, 
triangular-falcate, outer surface papillate in distal third, dorsal margin straight in lower half above weakly 
ampliate base, then curved through 45° to the apex, margin crenulate to shortly ciliolate in distal half, ventral 
margin straight at middle then arched through 15-30°, margin shortly ciliolate in outer half, apex acute, sharply 
inwardly curved and with a pale opaque circinate-falcate gland attached and presented on the inner side of 
the petal, gland 0.5-0.6 mm long; labellum 2.5 mm long, 1.2 mm wide, elliptic, widest at midpoint, apex acute, 
margins ciliolate in distal half, entire in proximal half, with callus linear in distal two thirds of the labellum and 
extending almost to the labellum apex, flaring toward labellum base in the basal third where it becomes ridged 
marginally, ridges extending to and incorporated into the labellum margin, callus surface papillate medially, 
papillae formed by prorate surface cells, and ciliolate marginally; attachment narrow, articulated, at apex of 
column foot. Column 1.5-2.0 mm long not including column foot, 1 mm wide; column foot present, 0.5 mm 
long, curved; wings subequally bilobed, around 1 mm long and 0.625 mm wide, divided to 0.4 their length, 
dorsal lobe slightly ligulate, apex obtuse or rounded, margins entire, slightly broader than ventral lobe; ventral 
lobe narrow triangular, apex acuminate, margin and surfaces shortly and closely ciliolate; anther versatile, 
0.75 mm long, ovate, with a filiform rostrum whose apex is emarginate or weakly and shortly bifurcate; stigma 
ampulliform but with truncate apex and base, the base faintly emarginate, surface concave along lateral and 
basal margins. Pollinarium not seen sufficiently intact for description. Fig. 1. 

Recognition: Genoplesium trifidum can be recognized by the combination of 1) closely ciliolate labellum 
margins, wherein the marginal cells are elongate, and their ends are free from neighbouring cells; 2) the 
papillose callus surface; 3) the elliptic-obovate labellum whose apex is acute; 4) the pale, circinate to hook¬ 
shaped gland attached to the apex of each petal and typically presenting on the inner surface of the petal; 5) the 
absence of glands on the apex of the dorsal and lateral sepals, or presence of a minute usually/u5COW5 gland¬ 
like protruberance; 6) the broad upper column arm that narrows to an obtuse to rounded apex, the lower 
column arm being narrow acuminate, and papillose to ciliolate at the apex. The pale circinate to hook-shaped 
gland attached to the apex of each petal will immediately distinguish G. trifidum from all other similar species 
including G. rufum. 

Notes: The specific epithet chosen by Rupp referred to the presence of three column arms, while this is a 
feature of flowers in some specimens, in which it presents as subdivision of the upper column arm, it is not 
consistently expressed. Subdivision of the upper column arm occurs sporadically in other species (M.A.M. 
Renner pers. obs.). Rupp (1941) stated in the protologue no segments gland-tipped’ but this statement is in 
conflict with his own type, in which the petals each bear a gland at the petal apex. Presumably Rupp did not 
recognize these structures as glands, but exactly what he made of them is unclear as he omitted a description 
of the petals from his protologue. These glands were described and figured by Jones (1989). 

The series of specimens collected during the 1940’s from Castlecrag, Castlecove, and Roseville by Rupp, 
Dockrill, Bowden and Schmidt are morphologically homogeneous, sharing all of the characters presented in 
the recognition section above. Most specimens in the National Herbarium of New South Wales identified as 
G. trifidum do not possess this combination of distinctive characters. The distribution and shape of glands, 
the size and shape of column arms, petals, and sepals, are all significant characters with regards species 
circumscription (e.g. Jones 2001), implying specimens lacking the characters possessed by the type have been 
misidentified. 

The Genoplesium trifidum (as Corunastylis trifida (Rupp) D.L.Jones & M.A.Clem.) image in Jones (2006) may 
not be this species, given the presence of conspicuous pale glands on the lateral sepal apex, and the absence of 
glands on the petals of the photographed plant. 

Distribution and ecology: Genoplesium trifidum is endemic to New South Wales and is known with certainty 
only from the north shore of Sydney, in the vicinity of Castlecrag, Castlecove and Roselle, and from Oxford 
Falls. All reports from the North Coast of New South Wales and Queensland are referable to other species. All 
herbarium specimens are flowering, with most being collected in April or May, suggesting this is primarily 

an autumn-flowering species, though flowering at other times of the year is possible, as demonstrated by a 
collection made in January at Oxford Falls. No information on habitat or microsite is recorded in association 
with the specimens. The most recent genuine and correctly identified specimen held by the National Herbarium 
of New South Wales was collected in 1949. 
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Fig. 1. Genoplesium trifidum (Rupp) M.A.M.Renner. A, C; Petals; B; Dorsal sepal; D,E; Lateral sepals; F; Column; 

G; Column with labellum in lateral-oblique view showing labellum articulated on curved column-foot; H; Labellum; 

I; Cells of labellum margin. Scale bars A-F, H; 1 mm; G; 1 mm as indicated; I 160 pm as indicated. All from A.R. Rupp & 

H.M.R. Rupp (NSW 209997). 

Conservation status: Data deficient. Historical confusion regarding the circumscription of Genoplesium 
trifidum and lack of recent collections to the immediate north of Sydney preclude an informed assessment. 
Although no recent collections are known within the National Herbarium of New South Wales, recent 
collections may exist under other names. Searchers in both herbarium and field are required. Habitat that 
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may be suitable for G. rufum occurs to the north of Castlecrag and Castlecove within Garigal National Park, 
around Manly Reservoir, and Narrabeen Lagoon. Searches here, and further afield including Ku-ring-gai 

Chase National Park and Berowra Valley National Park should be completed. 

Specimens examined: New South Wales: Central Coast: Moore’s Creek Roseville, 9 Apr 1949, W. Schmidt 
(NSW 210019); Oxford Falls, Jan 1940, H.M.R. Rupp & C.A. Messmer (NSW 210015); ibid, Jun 1940, C.A. 
Messmer & H.M.R. Rupp (NSW 210017); near Castlecove Coif Links, Middle Harbour, Port Jackson, Apr 
1942, H.M.R. Rupp ex herb. Rupp 444b (NSW 210016); Castlecove, May 1945, A.R. Rupp & H.M.R. Rupp 
(NSW 210018); Roseville Coif Links, Apr 1949, F.W. Schmidt (NSW 9282); Castlecove, Apr 1948,1. Bowden 
(NSW 210002); Castlecove, East Roseville, 8 May 1945, A.R. Rupp & H.M.R. Rupp (NSW 209997); Castlecove, 
Middle Harbour, Port Jackson, 16 Apr 1949, A.W. Dockrill (NSW 209996); Middlecove, Apr 1949,1. Bowden 
(NSW 209995). 
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